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meandi schar ges n[k hedSacr anent o0R ver Omai nOchannel Cat OFr eepor t Ot o CDAYFLOW
est i mat es n(t helYol o[Bypassshow(t hat Odi schar gesUat OFr eeport [r ar el yJexceedO
t her angeOof [2000- 30000n¥s "%, [but [t hat [t he(OYol o[Bypassf | owsOcanCbelChear | y[If i vel
ti mesChi gher ( Fi g. [2) . 0D schar gelt hr oughCt helYol oOBypassCi ncr eases(r api dl yO
when[¥ | owJat OFr eepor t [r eachesOabout (20000n?s ™, 0 ndi cat i ngCt hat Cf | oodwat er s
exceed helhei ght Cof OFr enont CWéi r Cat [t hat O evel Dof OF | owd( seeSchenel CandO
ot hers, (01996, [0f or Odet ai | s) . O0OMaj or 0 nundat i onCof [t he[f | oodpl ai n sCcausedO
primaril yCbyOdi schar geCover OFr enont [Meéi r. (0Sacr anment o[Mei r Ocont ri but esO
addi ti onal [f | oodwat er sCf r onit heOSacr anent o[Ri ver Conl yOdur i nglt heChi ghest O
fl ows, Oand0 t sCOdi schar gelt ypi cal | yO sOmuchOsmal | er Ot hant hat Dover OFr enont O
Wi r. 000

A( per enni al ) Ochannel Cal ong[t helCeast er nCar gi nUof Ot heOYol oBypassUO
carriesldi scharges(fronil ocal OstreansCandOagricul tural Dirrigation, CasOwel | CasO
ret urndi schar gessuppl i ed[byUalnet wor k[Dof Ccanal st hat Ccr osst hef | oodpl ai nO
(seelCALFED, (12001, [f or Cdet ai | s) . OdDur i nglt helst or nilseason, [f | oodwat er sCar e
cont ai nedl nt heOper enni al Ochannel Dwhen[f | ows[ nt heldYol o(Bypassar el ess]
t hanOabout 01000n?s ™. OJAt Chi gher di schar ges, [Of | oodi ngCext endst owar d(t he[ evees[
al onglt heOwest er nOnar gi n. O0TheOdeepest Cpar t Cof [t heldyol o[BypassCi sCal onglt hed
east er nOmar gi n, Cbut [t heOreanOwat er Odept hCacr ossCt hef | oodpl ai n0 sCt ypi cal | yO
onl y[22- 3m OOAs[di schar gelldecr eases, shal | ower Car easal onglt heOwest er nOhar gi nO
becomelexposedlaswat er Odr ai ns[Osout hwar dCandOeast war dCandCevent ual | yOi s
confinedOprimaril y(t ot heOper enni al Ochannel . 0O
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Weat her CandCcl i mat elar eChi ghl yOvari abl el nOnort her nOCal i f or ni ali{ CayanO
andPet er son, [11989; Cayanandlot her s, [01999) . (00Consequent | y, [t helt i m ng, O
ext ent, JandOdur at i onOof [f | oodi ng[ nt helYol o[Bypassvar y[gr eat | yof r onmiyear [t o
year . [ nundat i onsof [0t heOYol o[BypassUhaveOoccurr edCasCear | yOasOOct ober Oand
asd at efJasJune, [hut Onost Oaj or O nundat i onsthaveloccur redOdur i ngtt heOwi nt er O
nont hs. (O n(t he45- year ODAYFLOWT ecor d, (dai | yOreanOdi schar geslexceedi nglabout O
two-t hi rdsof [t helOcapaci t yOof (0t heyol o[BypassChaveOoccurredUonl yOi n(kt wo
years, [119860and[11997[X Fi g. () . DI schar ges nt he[OYol o[Bypasshavelexceeded
thosel nt hel ower OSacr anent oRi ver Ochannel Tat [OFr eeport 0 nOover Oone-t hi r d0of O
t helyears. ODai | yOneanf | owJexceeded100000ns 0 n[260of [t heOyear s, andCt held
aver ageldur at i onlof Of | owldat [0t hi s evel Oor [hi gher Oanongt hosellyear sOwas (250
days. OCAI t houghCk heChi ghl nt er - annual Cvari abi | i t yOakeslgeneral i zati ons
m sl eadi ng, Odai | yOmeanf | owlf or [t heCaver age[year Jexceededd10000s ' or Cabout O
410days0andd10000ns 1 f or Oabout (140daysOover [t he45- year (r ecor d. O0Dai | yOneanOd
f | owsCof (1000ns™*0or Cgr eat er Oexceed[t hel(lcapaci t yOof [t heOper enni al Cchannel O
al onglt heCeast er nOar gi n, Owhi chOcanCbelconsi der edt heConset Oof (Of | oodpl ai nO
i nundat i on. 000 nC0100of [t he450year s, Odai | yOreanf | owdi dCnot Cexceed1000n?s 2, O
andt her eCwasCnolappr eci abl e[ | ow(t hr ought heOyol oBypassdur i nglt hellsi xO0
consecut i vellyear sCof (sever e(ddr ought [Of ol | ow ngkt helimaj or Of | oodCof (119860 Fi g. O
2). 0000

I nf | ows[f r onit hed ocal st r eans [t hat Cent er [t heOwest er nOrar gi nOof [t heO
Yol o[Bypassigeneral | yCar e(Osnal | 0 nCconpari sont oIf | oodwat er (di schar geslCover O
Fr enont Wi r. OOHowever , O ocal Ust r eansOar e[of t ent hegr eat est Osour cesof O
freshwat er (t ok helf | oodpl ai n( nCaut utmOandOspri ngOandO nOdr yOyear sCOwhenOd
Sacr ament o[0Ri ver [wat er Odoes[hot [spi | | Cover [t heDwei rs. OdLocal i zedf | oodi ng nO
t heOYol oBypasslear | yO nt he(st or nilseason sof t enfcausedCbyd ocal Ust r eant]
di schar ges. OOEvent houghCdi schar gesf r onit hel ocal st reansCar efalsmal | O
fracti onUof [t helt ot al Of | owddur i ngli nundat i onCper i ods, [t hesell nf | owsCcanCbel
i dentifiedd nCaeri al Ophot ogr aphsUasdi sti nct ObandsCext endi ngt ok heOsout her n
out | et Cal ongt heldshal | owwest er nOhar gi nCof [t heOYol oBypass[dur i nglost Cyear s
(Sommer OandCot her s, [(2001a) .

CachellCr eekCandPut ahOCr eek Car e(lgaugedsever al [ki | onet er sCupst r eaniof O
t heOYol oBypass[{ Ander sonCandOot her s, [(2001; [OFi g. [11) . OODi schar gesf r onibot h{of O
theselstreansar e(laf f ect edlbyr eser voi r sCasCwel | Oasst or nir unof f. OCW | | owdd
Sl ough, OalOhuchOsmal | er Odi schar ger [t hat 0 sOnot Ogauged, Ccar ri esO0st or nir unof f O
andpossi bl yOagri cul t ural OandCot her Odi schar ges. ORI dgeldCut Cconveys[wat er (of r oni
t heCol usaBasi n(Dr ai n(di rect | y[t ot heOYyol oBypassOpri mari | yOwhenOwat er O
| evel sO n[t heOSacr ament o[Ri ver Cat [Kni ght sOLandi ngQar et ooChi ghk oCal | owd
gravityfl owdt okt helri ver O CDWR, [11964) . IO0TheCol usaBasi n(Dr ai n[r ecei vesO
i nfl owf r onilsomellcr eeksOasOwel | Casdi schar gesUandr unof f Of r onit heOCol usal
agri cul tural Obasi n. OJAl t houghOalOgaugeOon[t heOCol usaBasi n(Dr ai nCheasur esd
di schar gelt ot heOSacr anent o[Ri ver Onear Kni ght sCOLandi ng, [t hi sOgageld sChot O
rat edf or Odi schar gelt o[t heOYol oBypass[vi allRi dge[lCut . Di schar gelt o[t helYol o
BypassldependsonOSacr anent o0Ri ver Oand[0Col usalBasi n[Dr ai nOgaugeChei ght sCandO
ot her O0f act or sOsuchCas[t helcondi t i onUof [t helear t henOwei r Oat Ot heCeast er nCendOof O
Ri dgelCut CandOwat er (el evat i ons nt heldYol oBypass. [0JAeri al Cobservati ons(
suggest [t hat [t hel nf | owsf r onRi dgeCut CandOCachel0Cr eekCar et he ar gest [Cof O
t hef our 0 ocal Ostreans. OO0
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O
METHODSO
O

Sanpl esOwer eldcol | ect edOprimari | yCat [t hree(fi xed- 1 ocati on) [si t esCal ongd
t heCeast er nmar gi nCof [t helYol o[Bypass her eaf t er Ccal | edOHWY5, CHWY80, Cand
Lower [Bypass) OandlOat Cupst reanil( f i xed-1 ocati on) [si t esOonf our O ocal [Ost reansO
t hat Odi schar gelt o0t heOwest er nOmar gi nCof [t hef | oodpl ai n(J R dge(Cut , (O0Cachel
Creek, OW | | owISI ough, CandOPut ahOCr eek; OFi g. 01) . O0TwoCof Ot heOYol o[Bypasssi t esO
wer e[l ocat edCnear [t heOraj or [hi ghwayOcauseways Oof [l nt er st at e[(50and(380. (ORI dgel
Cut Owas Osanpl edOat [t her oadd1600br i dge; OCachelCr eek[was sanpl edOnear [t he[r oad
1130bri dge; OW | | owdSl oughOwas Osanpl edlnear [t helr oad[0102br i dge; OPut ahOCr eekd
was Osanpl edOnear [t heJO dDavi sCORoadlbr i dge. O0Addi ti onal Osi t esCkt hat Ower efnot O
sampl edConCalr egul ar [basi sO ncl uded heOSacr anent o[0Ri ver Onear [0t he[Owest er nCend
of OFr enont Wi r Jand 0t heOCol usaBasi n[Dr ai nOnear Ot heOr oad[199E[br i dge. OOFor O
saf et y[Ir easons, [host Osanpl esCwer elIcol | ect edOwi t hi nCalf ewd eet Oof Oshor e. OOAO
f ewaddi ti onal Osanpl esCwer ellcol | ect edlbyboat Cacr oss[t helf | oodedUar eallof [t hed
Yol oBypassandlCnear L[ t sOsout her nOout | et Odur i ngCandOaf t er 0 nundat i onCby [t held
Sacrament o0Ri ver . 0

Aoul kOsanpl eUof Onear - sur f aceOwat er CwasCcol | ect edOwi t hCaOpl ast i cCbucket O
at Oeachsi t e. (OSub- sanpl esCwer e(pour ed nt oCpr e- conbust edgl ass(bott| es(f or 0
di ssol vedor gani clcar bonCandOpar ti cul at eCcar bonOandhi t r ogen, CandCi nt ofaci d-
cl eanedpol yet hyl enelbot t | esIf or Ospeci fi cOconduct ance, Osul fat e, Ochl ori de, O
sel ect ed(net al s, CandOdi ssol vednut ri ent s. 00Sanpl esOwer e[ et ur nedt ot hed
| abor at orydi nld cellchest s{f or Opr ocessi nghon(kt he[¥ ol | owi nglday. OO nOsonelcases, [
sanpl esf r onikt he(Lower (Bypass(si t eCwer el ef ri ger at edf or Dupt o i veldaysOand
t henOshi ppedCover ni ght Of or Opr ocessi ngl n(t he aboratory. O

TheOsanpl elpr ocessi ngldet ai | sCar e(pr ovi ded[ nOAppendi xOA. OO nibri ef , O
sanpl esf or Odi ssol vedor gani cOcar bonCandOpar ti cul at eCcar bonCandOni t r ogenOner e
filteredDw t hOpre-conmbustedgl asstf i ber (fi | t ers, Owher easOsanpl esf or O
di ssol vedlhutri ents, Ochl ori de, Osul f at e, Danddi ssol vedlOret al sOwerelfilteredD
wi t h(Ocel | ul osellest er Ohenbranefilters. OOFi | trat esf or Odi ssol vedOor gani cO
car bonJ( andOUVCabsor pti on) Cwer eldst or ed nCpr e- conbust edCbr owngl assbott| es
wi t h(OTef | onCcaps nCalr ef ri ger at or Cat (4C° bef or eCanal ysi s ConCaOMQL0010TOCO
anal yzer . 00Absor bancelat [(R54nmiwasdet er mi nedConf reshl y[fi | t eredOsanpl es
usi ngfall- cniquart zOcuvet t eld nCalBeckmanODUspect r ophot onet er . 00d assf i ber O
filtersOcontaini nglparticul at ellcar bonCandChi t rogenOwer e(dr i edi nCaldessi cat or O
bef or eCanal ysi sConCalCar | oCEr ball nst r ument sCOvbdel ONACL500NCCanal yzer . (00
Filtrates(f orOdi ssol vedChutrientsdnitrite, Ohitrate, Danmoni um Odi ssol vedO
silica, Oanddi ssol ved[r eact i ve[Ophosphat e) Cwer elIst or ed[d n(aci d- cl eanedOd
pol yet hyl enelbot t| esCandf rozen. ONut ri ent Osanpl esCwer e[t hawedDover ni ght O
bef or efanal ysi sCdonOalTechni conCAut oAnal yzer O | O Hager CandOSchenel , (11997) . (O
Sanpl esf or Osul f at eCandCchl ori deOwer el ef ri gerat edCunti | Canal ysi sCUonCaldDi onexd
LC200 onlchr omat ogr aph. O0Sanpl esf or Odi ssol vedOnet al st ot al Uof (M80netal s, O
seelbel ow) Cwer ellaci di fi edCwi t h(ni tri cCaci dCandst or edCat Or oonit enper at ur ed
unti | Oanal ysi sConOaOTher noJar r el | DAshOCor p. O RI SOAdvant agel nduct i vel yO



coupl edOpl asnmalopt i cal Cem ssi onlspect r ophot onet er O | CP- CES) . 0Speci ficO
conduct ancewas Onreasur ed[by el ect r odel nk hel abor at or yOat [(25C. O

Di schar geCandOwat er [ evel Odat alf or Ot hedSacr anent o0Ri ver, [ ocal Ostreans, 0
andt heOYol oBypass[wer e[Jlobt ai nedf r onit he[USGSCannual Or epor t [ Ander sonCandO
ot her s, [12001) Cor [ nt er net [si t esOmai nt ai nedby USGS( ht t p: // wat er . usgs. gov/ [
nwi s/ di schar ge/) OandOCDWRO( htt p: // www. i ep. wat er. ca. gov/) . 0O0The OCDWR(Nor t her nJ
DistrictdOfficel nOSutter, OCA Oprovi dedlgaugelhei ght Odat alif or [t heOSacr anent o]
Ri ver Jand[t heCol usaBasi n[Dr ai n(at [Kni ght sCOLandi ng. OOAl | OgaugeChei ght sCwer e
adj ust ed[ o[t he[ONat i onal O0Geodet i cVerti cal ODat uniof (01929. O

O

U

O

RESULTSO

O

Resul t sOf r ont hi sOst udyOar e(jpr esent edwi t hi n(0t helOcont ext Cof [t heOweat her O
andChydr ol ogyOdur i ngt helOst udyOper i od, OJanuar y- May[2000. O0TheOst udy Oper i odO
was Opr ecededbyCalidr yOaut um, Odur i ngDwhi chOpr eci pi t ati onCwas esst hanChal f O
of (¢ heOnor mal Canount 0 nOnor t her nOCal i f orni a. O0Pr eci pi t ati onOwasOabovelnor mal O
i n(Wanuar yOCandOFebr uar y[22000, [but Opreci pi tationf el | Ot oCbel ow normal O evel O
agai n( nOvar ch. O0Al t houghOmuchO ower [t hanTk hed evel Oduri ngCalt ypi cal Cwi nter, O
precipitationl nOspri ngl20000wasCnear | yOnor mal . O0Anongt hel ast 4500year s, O
Yol o[Bypassdi schar gelf or [t he[20000wat er Oyear [r anked 19! "OandOwas [ esst hanO
average. I

Preci pi tati onlat ODavi s, OCA, [ sChot Cr epresent at i velof [t hellenti reld
Sacr ament o[0Ri ver [dr ai nage[basi n, [but 0 t [ sCusef ul Ther efasOanld ndi cat or Dof O
precipitationlcarriedlbyt hel ocal Ostreanst hat Odi schar gel ot he[west er n[
mar gi nCof [t helYol oOBypassCandlt heOCol usalBasi n[IDr ai n( Fi g. [18) . 00Dai | yO
preci pi tati onOwasChi ghest Oduri nglt heOper i odf r onil at eJanuar y[t oCear | yOVar ch, O
but [t heOsubsequent Oper i odf r onidm d- Mar cht om d- Apri | DwasCunusual | yOdry. OO
Thi sCbr eak[d n[t helst or nilsequencelcoi nci dedDwi t hCall ar gel ncr easelli n(Isol ar [
radi ati ond(irradi ance; [OFi g. (3) DandOreaxi munildai | yOai r Ot enper at ur e( Fi g. [4) . OO
Hi gh- speedOwi nds Fi g. [4) Ccoi nci dedwi t h(Jpr eci pi t at i onl nOFebr uary, Cbut Chi gh-
speedwi ndsdi dnot Ccoi nci delwi t hOpr eci pi tati onl nOm d- Mar chOandOear | yOApri | O
2000, [t heOperi odOdur i ngCwhi cht heOYol oBypass[wasdr ai ni ngl seelbel ow) . O

Preci pi tationld ncreasedf | owd nlt heOSacr ament o[Ri ver 0 ndJanuar yOJand[
ear | yOFebruary, (but [t helri ver Odi dOnot Cexceedt helhei ght Cof OFr enont DWei r Cunti | O
February4( Fi g. [5). OODi schar gellover OFr enont CMei r [t o[t he(Yol o(Bypass[
conti nuedOunti | OMar ch017. OOWAt er O evel s n(t hedSacr ament o[Ri ver [r enai ned
bel owt heChei ght Dof OFr enont CMéi r [f or [t helr errai nder Uof [t heOst udy. (DI schar gesO
i n(0t hellYol o[BypassOwer e ower [t han(k hosell n[t heOSacr ament o[Ri ver Odur i ngt hed
si ngl e4- week- | ongOperi odOof 0 nundat i onChyOdi schar geCover OFr enont OWei r O( t heO
i nundat i onlperi od). OdTher elwasCnoldi schar ge[Jover OSacr ament oCWéi r Odur i ngt heD
2000wat er Oyear . OO

Local Ost reansdi schar ged(t o[t heYol o(Bypass[bef or e, Cduri ng, CandOaf t er O
thel nundati onOperi od( Fi g. 06) . 0OSt or m dri venOpul ses nOdi schar gelar eIl ear |y
appar ent 0 nt heChydr ogr aphf r onfiCacheCr eek, Cwher easUonl yOmuchOsmal | er Opul sesO
andallcont i nuousCr el easelddur i ngOvar chCar ed0shownf or OPut ahOCr eek. DI schar gesO
fronibot hlicr eeksOdecr easedt o owl evel sl nCear | yOApri |, Cbut Opr eci pi tati onl nO
I at eTApri | Ocoi nci dedOwi t hJadi sti nct Of | owpul seld n(0CacheCr eek[ hat Dwas[Chot [
seen(l nk helOgaugedat alIf r oniPut ahOCr eek. OOAl t houghOnot Ogauged, OOf i el dOnot esO
t akenOdur i ngOsanpl elcol | ecti onl ndi cat ed hat OW | | owdSI oughCal soOexhi bi t edO
stormdri venOpul ses, [but Odi schar gesOwer edruchd ower [t hant hosel[f r onit heOot her O
creeks. 00

Under Ocondi ti onsOof O owwat er O evel s, Oas nCear | y(Januar y[2000, (0t he
Col usalBasi n(Dr ai ndi schar gesCbygr avi t yOdi rect | yO nt ot heOSacr ament oCRi ver O
at [Kni ght sCLandi ng[( Fi g. [07) . OWhent hed evel Tof [t heri ver Oexceeds[t hat Tof [t hed
Col usaBasi n[Dr ai n, Hasd nO at eJanuar yt hr oughOvar ch12000, (OCol usaBasi nO
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di schar gell sdi vert edt o[t he[ORi dgeldCut Ccanal Oand(f | owsdi rect | y[t o[t heOYol o
Bypass[ CDWR, (11964) . (I t 0 sOdi ffi cul t [t oCest i mat eddi schar gelf r onRi dgeCut [
becausel t 0 st heOpr oduct Cof Or unof f Of r onit hebasi nCOandof t enTr api dl yOOchangi ngd
wat er [ evel s nlt heOSacr ament o[Ri ver . O0Obser vat i onsCat [t helOsanpl i ngsi t e[
i ndi cat ed hat Odi schar gelf r onTIRi dgedCut O ght Chavelbeensi mi | ar 0 nCOmagni t uded
t ot hat Of r oniiCacheICr eekOor Cevenlgr eat er (at [t i mes. O0TheOshort-termivari ati onsl
i nOriverevel O nO at edApri | Opr esunabl yOpr oducedCalpul selddi schar gelf r oniRi dgel
Cut . OOTher ef or e, [ t Cappear st hat Ogaugehei ght Cvari ati onsCat Ot heHW5CandO
Lower (Bypass[si tesl nl at eTApri | Dwer eldcausedOpri mari | y[CbyOdi schar gesf r oni]
bot hIRi dge[OCut CandOCacheCr eek [ Fi g. O7) . O

Thelgaugelhei ght s{f r omidt heOt wo ocat i onsi n(t heYol o[Bypassshow(t hat [
wat er [ evel sCdecr easedlover Oalnear - nont h- |1 ongOper i odCbegi nni ngCabout CalweekO
bef or e[ hedSacr ament o[0Ri ver [Ist oppedspi | | i ngDover OFr enront CMéi r [t oCear | yOApri | O
(Fig. 7). OLocal OSt reanmscont i nuedt oldi schar gelaf t er 0 nf | owf r ot helri ver O
st oppedlandf | oodwat er sCwer elddr ai ni ngf r onit helYol oBypass[t o[t he[OSacr anment o[J
Ri ver Onear 0ORi o[Vi st a. OFI owiwas O ar gel yconf i ned ot heOper enni al Ochannel Oby
m d- April, Cal t houghl t 0 s i kel y[t hat Ocanal sCOcont i nued™ oOdr ai n(ar easCof [t held
f I oodpl ai n[J( seelDi scussi on). O Mat er [ evel sCat Ot heOLower [Bypass(ki t eCwer e[
i nfl uencedlby(ti desf ronilt helest uar ybot h(bef or e[t hell nundat i onCperi odCandO
af t er ¢ heldr ai ni ngOperi od Fi g. 7). O

0

Resul t sCf r omit hedJFi xed- Locati on[0Si t esd

O

Al t houghOconcent r at i onsof Omanychem cal Oconst i t uent s nYol o(BypassU
wat er sOm ght [belr el at eddi rect | y[t oOsuppl yOr at esf r omit helri ver Dor [t he ocal O
st reans, (concentrati ons n(sonellcasesni ght belst r ongl yOaf f ect edbycheni cal O
and[bi ol ogi cal Opr ocessesloccurri ngl nt hedYol oOBypass. 0 nCpr esent at i onlof O
t helchem cal Odat a, Oconcent rat i onsC nCt helYol oBypass[ar ellconpar edOwi t h(t hosel
i n(t helri ver Cand ocal Ostreanst ol denti fyOpot enti al OsourcesOwi t h(t he
under st andi ngt hat Opr ocessesl n(addi ti ont oIsi npl elm xi ngOn ght Cbeld nportant . O

Resul t sCf r omidt heldf i xed- | ocati on3si t esUar eOshownd nk helf ol | owi ngd
figures8- 230 Appendi x[B), Owi t ht helexcept i onlof [Oival uesf r onit he(Sacr anent o0
Ri ver Oat OFr enont DMéi r, Cwhi chOar eOsummar i zedd nOTabl eJ1. OONuner i cal [val uesf or O
al | Osanpl esCar e(gi ven nOTabl es2- 500( Appendi xOC) . O

Speci fi clconduct ance( SPC) [ sCalpr oper t y[of Ohat ur al Owat er sCt hat [0 sO
rel at edt ot heCabundanceUof Odi ssol vedl ons, Cand her ef or eCcanCbheOand ndi cat or O
of Cover al | Ochanges nwat er Ochem stry. O0AI | [0t hr ee(si t es0 nt heYol o(BypassO
showedOsi mi | ar Ovari ati onsCi n(OSPCOover [t hi sOst udyd( Fi g. (08) . OOSPCOwas Chi ghO
unti | Om d- February, Mmhenlval uestdecr eased(t ol evel sCconsi st ent Owi t h(t hosell nO
t heOSacr ament o[0Ri ver [di schar gelover OFr enont CMéi r [ Tabl e1) . OO nOmi d- March, O
SPCobegan(t oll ncr easelshar pl y, Or eachi ngOpr e-i nundati on evel sCbhyOear | yOApri | . OO
Duri nglt hi sCperi od, OSPCt ypi cal | yOwasUhi ghest Oat Ot heOHWy50si t eCand owest Oat O
t heOLower [Bypass(si t e. OPreci pi tati onTandr unof f (f r onikt heOsnal | Ost or nid nO
| at e- Apri | Ocoi nci dedOwi t hCaldecr easel nOSPCival ues. O

Local Ost reanmsOwer eOnor el npor t ant [t oOwat er Oqual i t yO n(t hedYol oBypass[
whenlt herefwasO i tt ] elor Oholdi schar geover OFr enont CMéi r. ODur i nglCt heO
i nundati onOperi od, OSPCL nt helYol oBypasswasOruch ower [t hanCval uesi n(t hed
four O ocal Ostreans. O nCgener al , OSPCOval ues n(t hel ocal st reans(d ncr easedl
fromim d- Mar ch(kt oOm d- Apri | ; Chowever, OSPCr ermrai nedd ow(di nOPut ahOCr eek Odur i ngOd
t heOshor t Operi odOwhenl t sdi schar ge[wasOsubst anti al 0 n( at eOvar ch. O0OSPCO
val uesli n[ORi dge[OCut Ower efJanongt heChi ghest 0 n(t he[ ocal Ost r eans. (O0SPClval uesO
i nO at eOvar chOwer eChi ghest 0O nOW | | owdSI ough. O0Fi el dOnot es(i ndi cat ed hat O
di schargeOwasver y owd nOW | | owJSI oughl n at e(var ch, Cbut Odi schar geChadO
i ncreasedl nOApri | DandOvay OwhenOSPClval uesCwer e ower . 0

Chl ori de, Calmaj or Cani on, Cexhi bi t edvari ati ons nCconcentrati onsC nlt hed
Yol o[BypassOand( n[t hel ocal st r eans[t hat Cwer eliver y[Isi m | ar [t oO0SPC( Fi g. [9) . O
Chl ori dellconcent r ati onsOshowedalnear - | i near [0 ncreasewi t h(Or espect [ o




i ncr easi ngOSPClat Cal | Oof [t heOsi t es, Oal t hought helOdat alwer e(Iscat t er edi nCalf ew(d
cases. dThelkorrel ati onCwasgood, [ nOpart, [becausellkconcent rati onsCof [chl ori deld
wer e[hi ghCDandOchl ori deld sCt ransport edlconser vati vel y[t hr oughOrany[f r eshwat er O
syst ens. OThi sOwasal solt he(caself or Osonmeldi ssol vedOret al s seelbel ow), [but O
correl ati onOwi t hChutri ents, [Of or Dexanpl e, DwasOpoor Opr esumabl y[becausellof [t hei r O
hi ghOoi ol ogi cal (reactivity. 000

Concentrati onsof Osul f at eCwer e owest Odur i ngCkt hel nundat i onCperi od, O
whi chOwasconsi st ent [wi t hCival uesli n(t hedSacr anent o0Ri ver [ Fi g. [110; OTabl e(1) . OO
Concentrati ons ncreased r oniim d- Mar cht olm d- Apri | Tat Oal | Ot hr eedYol oBypassO
si tes, Oout Ot henOdr oppedt o0 evel st hat Ower e ower [ hant hose[bef or e[t he
i nundati onCperi od. OOW t h(Of ewdexcepti ons, Osul f at eOwasOruchOnor ellconcent r at edO
i nORi dgelCut [t hanCi nt hellot her O ocal Ost r eans. OOFr o d- Mar chOt oOmi d- Apri |, O
concentrati onsof Osul f at el n(0t he(dYol o[Bypasslexceededllconcent rati ons n(t held
| ocal Ostreanslexcept [Of or ORi dgelCut , [ ndi cat i ng[t hat ORi dgeCut DwasCalhaj or O
di schar ger [t o[t hedYol oBypass. 0Thedecr easell n(sul f at eCconcent rati ons n(t hed
Yol o[Bypass(i n at e0Apri | Dwasconsi st ent [wi t h[r educedconcent rat i onsd nOR dgel
Cut Canddi schar gepul sesf r onfiCacheCr eekJand[Ri dge(Cut . O

Di ssol vedl nor gani cthi trogen( DI N), [t helt ot al Oconcentrationfof Chitrite, O
ni trate, JandCamoni um wasCr el ati vel yO owd n(t heOYol o[Bypassandl n(t helri ver O
duri ngk hed nundati onCperi odd( Fi g. O11; OTabl e(1) . ODI NCconcent rati ons n(t hed
Yol o[Bypassli ncreased r ontd at eOMar cht o d- Apri |, [but Odecr easedat [t he[
Lower (Bypass(isi t el ol | owi ng at e- Apri | Opr eci pi tati onfandCr unof f. CODI NO
concentrationsl nht hed ocal OstreansCal solwer el owest Odur i ngt held nundat i ond
peri od, Cbut [ ncreasedsubst anti al | yO nCal | Obut ORI dgeCut [Of r onil at eCVar chO
t hr oughOVay. OO0Thet wohi ghest Oval ues[f or ODI NO n[t heOYol o[BypassDwer e[at OHW50
i nOApri | 0 2700uM CandOvay [ 2260uM , Oandt hesellval uesCappear edCor e i kel yO
rel at edt o nfl owf r onidCacheCr eek [t hanf r omiIRi dgelICut . (vbst Cof [t heODI NOwas O
nitratelat dal | OsitesCk hroughout [t hi sOst udy seelTabl e[13) . O

Al t houghOamoni unid sCof t enCappl i edCasOaldfertili zer JandOcanCbelpr esent O
i nOagri cul tural O unof f CandOot her Dwast ewat er s, [0 t Cal solcanCbeOan(l ndi cat or Dof O
organi cOmat t er Odegr adat i onCandOnut ri ent Or egener ati onOpr ocesses. (ODur i ngt hed
i nundati onOperi od, dammoni unilkconcent rati onsCwer el ow(at [t heldyol o[Bypass(ksi t esl]
and0 nt helri ver ( Fi g. (12; OTabl e01) . OO ncr easesOaf t er O d- Mar chCwer elgr eat est O
at [t he(HWy80OandOLower [(Bypass[si t es. OJAmoni uniloncentrati ons nORi dgeCut [
wer e[t ypi cal | yThi gher 0t hanl n0t helot her O ocal Ostreanmsw t h(Ot heCexcept i onlof O
W I | owdSl oughl nOmi d- Apri | . O0CacheCr eekOand[Put ahOCr eek [t ypi cal | yOwer e
I owest [0 nCamoni um Cof t en ess[t hanChal f Ot heOconcent rati onl nOR dgeCut . (O
Concent rat i onsof Camoni uniwer e(dgr eat er [t hanCni tri t eCbut OnuchO ower Ot hanO
nitratelat dal | OsitesOduri nglt hi sOst udy. O

Di ssol ved[r eact i veOphosphat e[ DRP) Cconcent r at i onsat [0t he[OYol o[Bypass[
sitesCand n(t helri ver Ower e(al sod owldur i ngkt held nundat i onOperi od, (but [val uesO
i ncreasedshar pl yO n(t heOYol o[BypassUaf t er O d- Mar chO( Fi g. 013; OTabl e(1) . OODRPO
concentrati onsldecr easedlat [t he(Lower Bypass(Isi t edduri nglt hed ate-April O
preci pi tati onfandCr unof f, Cbut 0 ncr easedOagai nCi nOvay. OCAl t houghODRPO
concentrati ons nOPut ahlCr eekCwer eChi gher Ot hanli nCk heot her O ocal Ust reans[ nd
Apri | OandOvay, O nf | owdf r onidPut ahOCr eek Owas Opr obabl yOri ni mal Caf t er Cear | y-
April, OandOPut ahOCr eek [ nf | owdcoul dCnot Chave(af f ect eddconcent rati onsCat [t he[
HWY5Cand OHWY80(Isi t es( Fi g. (113) . O0Concent r at i onslat [t heYol o[Bypass[isi t es nO
m d- Apri | CandOvay Dwer e[lgener al | yhi gher Ot hanDwoul dCbelexpect edl f OCachelOCr eek
andRi dge[Cut Cwer et heOmaj or Osour cesof ODRP. O

Di ssol ved(Ssi | i cald sCalnutrient Ot hat O sOparti cul arl yd npor t ant Of or [t heO
gr owt h(Dof [di at ons, Owhi char eCathi ghl yOhutri ti ousCener gyOsour ce olpri maryO
consuner s. [ nCcont r ast [t olnost Cof [t hedi ssol vedconst i t uent sCpr esent edt husO
far, [t hethi ghest Oconcent rati onsof Odi ssol vedDsi | i callat Oal | Ot hr eeYol oOBypassU
sitesloccurreddduri nglt hell nundat i onOperi od( Fi g. (114) . OTheseldconcentrati ons
wer e[lconsi st ent [wi t hChi ghCconcent rat i ons n(t heOdSacr anent o0Ri ver [ Tabl e(1) . OO

Concentrati onsdecr easedUaf t er Om d- Mar ch(t oCalmi ni mundd nCear | y- Apri |, Owhi chO




was [If ol | owedbyCanl ncr easeldand(f i nal | yCaldecr easelnear [t helendOof (0t helist udy. 000
Di ssol ved(Isi | i caldi dnot Oshowdad ar geldchangeOdur i nglt he ate-Apri |l O
preci pi tati onfandr unof f, CasChasbeenCshownf or Orany Oof [t he[Jot her Canal yt es. [0
Concentrat i onsof Odi ssol ved[3si | i cali n(0Cache[Cr eekOandORi dgeCut Dwer eld
typi cal | y(1 esst han(kt hoseld n[0Put ahOCr eek. O0dConcent r at i onsOwer eChi ghl yO
vari abl e nOW I | owdSI ough, Candt heCval uesC n at eOvar chOwer et hed owest [ n
t hi sOst udy[J( seelDi scussi on) . O

OMost Dof [t helor gani cCcar bonlkt hat 0 sCk r anspor t edlbyri ver sC sCusual | yO nO
di ssol vedIf or nj( DOC) . OODOCCat [t hedYol oBypasssi t esOwas owest Odur i ngt hel
i nundat i onCperi od, Oand hend ncreasedd nd at eOvar cht olval uest hat Dwer e
rel ativel yOst abl e or [t her emai nder Cof [t helst udy[( Fi g. (015; OTabl e[01) . OOCF [t hed
| ocal Ost reans, ODOCOwasCOgener al | yUhi ghest 0 nORi dgeOCut Uandd owest [0 n(Cachel
Creek. Al t houghCt her eOwer e[alf ewdexcept i ons, ODOCOconcent r at i ons nOPut ah
CreekOandOW | | owISI oughOwer eOsi mi | ar Ot o0CacheICr eek. O0Speci fi clul tra-viol et O
absor bancelat (254nni} SUVA) Dwas Cconput edCbyOdi vi di ngt heOabsor bancellval uelbyO
t heIDOCconcent rati on. OCAI | Oof [t hed ocal st r eanidandOYol o[Bypass(si t es(showedO
t heOsanmelgener al Opat t er nd n(t hat [t heOSUVAQval ueswer eChi ghest Odur i ngCt he
i nundat i onCperi od Fi g. 016; (OTabl e(11) . O0Gener al 1y, [t heChi ghCval ues( ndi cat ed
t hat [t heDOCconsi st edlof Onor ellconpl exCor gani cCol ecul esOdur i ngt heO
i nundat i onCper i odk hanOdur i nglt he at e[wi nt er DandOspr i ngOwhenODOCOn ght O
cont ai nnor e ecent | yOpr oducedOor gani cOmat t er . OOLowISUVACval ues(f or r ecent | yOI
pr oducedlor gani cOmat t er 0 ndi cat e[ hat [0 t OcanCbelnor e(leasi | yQuti | i zedOasOanO
ener gylsource. O

TheOSacr anent oRi ver [ st heOmaj or Cri veri ne(sour cellof Osuspended
particl es(t o0San[Fr anci scoBay [ seeliSchemel CandOot her s, (11995) . OSanpl es
col | ect eddf r onit helYol oBypassduri ngt hi sCst udyCar e(dnot [r epr esent at i vellof O
t helconcentrati onsof Osuspendedsedi nment sCt hr ought heOwat er Ccol ummUOor Oacr ossO
t helI | oodpl ai n, Candi nOsonelcasessanpl esCf r onit helst r eans Om ght Onot CheOd
represent ati velof [t hei r OreanCval uesCasOwel | . OOTheOYol oBypassli sCalrel ati vel yO
shal | owf | oodpl ai n, OandCr esuspensi onlof Cparti cl esOm ght beOanl nport ant O
factor Or egul ati nglconcent rat i ons. OOTheChi ghest [concent rat i onsi nOmi d- Febr uary
andd at eOVvar chOwer e(Jassoci at edOwi t hOper i odsOof Thi ghDwi nds( Fi gs. O170and34) . 0O
Di schar gesf r onidCachelCr eek[wer eChi ghOdur i ngt held nundat i onCper i od, Candd
concentrati onsof Osuspendedparti cl esCt her eOwer et helhi ghest Oanongt he ocal O
st reans. JOHowever , [0CachelCr eekddi schar gesli nt ofadset t | i nglbasi n, OJand t DwasO
unl i kel yt hat (al | Cof [ heOsedi nent [0r eached [ hellYol o[Bypass. [

Conposi ti onlCof [ hesuspendedparti cl es, Oparti cul arl y(t heCor gani cOratt er O
cont ent, CwasOnor el nport ant [t hanCconcent rati onst ot hi sCst udy. (OPer cent O
car bonof [t helOsuspendedOparti cl esCr angedf r onCabout 0Lt o4 per cent O nOnost Cof O
theOsanpl esO( Fi g. (18) . OOTheper cent Ocar bonOwasOunusual | yThi ghC >100per cent ) O
i NOW I 1 owdSl oughT nO at eOvar ch. OJFi el dOnot est ndi cat edCathi ghCabundanceOof O
filament ousCal gael nt heDwat er Dandver y[ owf | owd n(k hel(lst r eantdat Ot hat Ot i ne. O

Thelcar bont oChi trogenrati o C. N) 0 sChi gher 0 ndet ri t al Oor gani c
mat er i al Oconpar edt oCphyt opl ankt onTandCot her Caquat i cOpl ant s. OO nCgener al , OC. NO
rati osO nlt heOYol oOBypassCandli n(t hel ocal Ust r eanmsCwer ethi ghOdur i ngt he
i nundat i onCperi odt henOdecr easedOshar pl yO nd at eOvar ch( Fi g. 019) . OOThi s0 sO
consi stent Owi t hOreasur enent sOradel n(t heOYol oOBypassi n(01998( Schenel CandO
Cox, 11999) OandOwi t hCchl or ophyl | Osanpl eslcol | ect ed n(t heYol oBypassCandt hel
| ocal Ostreansl n[2000, Cwhi ch ndi cat edCan0 ncr easeldi nCal gal [hi onass
i mredi at el y(f ol | owi ng(t held nundat i onCper i odCandCext endi ngld nt ot hespri ngd
(Muel | er - Sol ger, Oper sonal Oconmuni cat i on) . 0000000
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Di ssol vedOwvet al s

O

Fi |l t eredsanpl esCwer ellscannedf or 0180et al sCusi ngQalr adi al - vi ewd( | CP-
CES) Oret hodCappropri at e(f or parts-per-m | lion-1evel Oconcentrati ons. O0Sevenof O
t heOmet al s, OCadm um [OCobal t, OCopper, OManganese, [Ni ckel , Vanadi um Cand[Zi nc, O
wer e[not [(det ect edd n(concentrati ons(isi gni fi cant|yChi gher [t han(t he(bl ank(( | essO
t han0. 010ng/ L) . OO nCaddi ti on(t ok heseld7Cel enent s, Oconcent r at i onsof O
Al um num O r on, CandLi t hi umwer enrost | y[bel owd0. 10nhg/ L, CandDwi | | Onot [heO
report edCher e. O0Concent r at i onsCof (Bor on{( B) , OBar i unii Ba) , O0Cal ci unmij( Ca), O
Pot assi unii K) , OMagnesi unii My), OSi | i conJ( Si ), OSodi unii Na) , CandOSt ront i unii Sr) O
gener al | yfexceeded0. 10ng/ L, Oandt hei r Oval uesCar e(r epor t ed n(Tabl e[5. (O0OSi O
al soOwasneasur edCasdi ssol vedIsi | i calbyCalkcol ori netri clret hod, Oandt hell CP-
CESLr esul t sCwer ever y[Isi mi | ar. O0OSi by O CP- CES[val uesUaver aged13%hi gher [0t hanO
thoselbyOcol ori et ry, Owhi chlcoul dlbelexpl ai nedCby[t heldi ssol ut i onCof O
col | oi dal Oparticl es n(t helst rongCaci dCused™ oOpr eser velt heOret al sCsanpl es. O

I nOgener al , Oconcent rati onsOwer e owest [ | esst han40ng/ L) Of or OB, [Ba, [K, O
and(Sr . OConcent rati onsCexceededb0ng/ LOf or OCa, My, CandONall nCal | Oof [t heO
sanpl es, [0 ncl udi ngt hoself r onit he0Sacr ament o[0Ri ver, Owher e[lconcent rat i onsCwer e[
typi cal | yOl owest Oanonglt helf i xed[si t es[) Tabl es(10and(5) . O0Concent r ati onsCof O
t hesell hr eelnost - concent r at edOet al sO ncr easedl nCalnear - | i near Oranner Dwi t hO
i ncreasi ngspeci fi clconduct ance(at Onost Oof [t heOsanpl i nglki t es, Cal t houghO
scatt er [ nlt heOdat abwasOsubst anti al 0 nOsonmelcases. JAnongt hel ess-
concentrat eddnet al s, OSr Oconcentr at i onsCexhi bi t edC0goodd i nearity[wi t h(ir espect O
toOspeci fi cOconduct ance, Owhi | el helot her st ypi cal | yOexhi bi t edCpoor O
correl ati on. OOResul t sCf or OCa, My, ONa, CandOSr Car e[descr i bed[bel ow. O

Al OOf our Oret al sOshowedOadi sti nct Odr op nCconcent rati ond n(t heOYol o
Bypassuponli nundat i on[by[t heOSacr anent o[0Ri ver, anld ncr easef r oniim d- Mar ch(t o0
m d- Apri |, Oandd ower Cconcentrati onsCf ol | owi nglt hed at e- Apri | Orunof f O( Fi gs. O
20-23) . 00 nOsonelcases, O argeldi f f erences nlconcent rat i onsCanonglt he[ ocal O
st reanspossi bl yOcoul dibelused ol dent i f y[Omaj or Osour cesUof Cwat er sO nt he
Yol o[Bypass. Dur i nglnost Oof [t heOst udy, ONaOwas OmuchOnror eldconcent rat eddi nO
Ri dgelCut [t han( n(OCacheCr eekOor OPut ah[OCr eek ( Fi g. [20) . OO nt heCweeksO
fol | owi nglt held nundati onOperi od, Oconcent r at i onsOof ONaCwer eChi ghOat OHW5OandO
HWY80Lr el ati vellt ot helLower [Bypass, [(Wher edSacr anent o0Ri ver [wat er Owassti | | O
dr ai ni ngf r onit helf | oodpl ai n. O0OLowlconcent r at i onsOof ONald n[OPut ah[OCr eekCal so
coul dfhaveld nfl uencedd evel sCat Ot heOLower (Bypass(i t e. OJEvenCt houghO
concentrati onsOof ONalCwer e[Chi gh nOW | | owdSl oughli nd at e0var ch, Odi schar gelwas
ver y[ ow. (000Concent rat i onsCof ONaCat Cal | Ot hr eeOsi t esCi n(k heYol o[(Bypassi nCm d-
Apri | Ower eChi gher [t hanl evel s nlal | Cof Ot he ocal Ost reansCexcept ORi dgeCut , O
whi chJ(asl n(t heOcaselof Osul f at e) [ ndi cat edt hel nport anceOof [t hi s nf | owCasO
wat er sCbecanelconfi nedt o0t heOper enni al Ochannel . O

Concentrati onsof OCallshowedOalpat t er nIsi ni | ar [t oONald nt heOYol oOBypass, O
but [t hedi f f er encesld nlconcent rati onsCOanonglt hel ocal Ust r eanswer e(not CasO
great [ Fi g. (1) . OOTheldi f f erencesl nCconcent r ati onsCanongt he ocal OstreansOd
wer e(much essf or OWgO( Fi g. [22) . O0Fr onidm d- Marcht oOmi d-April ,Oittled
di f f erenceOwasOseenl nCconcentrat i onsCof OMyOanongt helt hr eeOsi t es[ nkt heOyol o
Bypass. D f f er encesoet weenlconcent r at i onsCat OHW5Cand OHW80andO
concentrati onslCat (0t he(lLower (Bypass[isi t eCwer e(dgr eat er [f or OCalandgr eat est [Of or [
Na. OOThi sOpat t er nCwasCal soCappar ent Of or OSr, Oeven(t hough[i t sCconcentrati onsO
wer e[ owconpar edt o[Na, (0Ca, CandOMyX Fi g. (123) . (OO
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Sanpl eslcol | ect edlbyboat 0 n(t heOYol o[Bypass[

O

Evenlt houghlUdi schar gesCover [Fr enont [Méi r Car e[t ypi cal | yChuchlOgr eat er O
t hanl nf | owsf r onil ocal OOst reansOdur i ngper i odsCof [0 nundat i on, Odi schar geld
pl umesf r onit hed ocal OstreansUar elJof t end denti fi abl el nCaeri al Ophot ogr aphs. [0
I nOsonellcasest hesell nf | owsOar e(Jpr oni nent (bandsCext endi ngf r ontt hei r Osour cesO
al | Ot heOway [t ok helOsout her nCout | et Cof [t heOYol oBypass[{ Sonmer CandCot hers, O
2001a) . OO nCanat t enrpt [t o0 ocat e[ddi schar gelpl unesf r onik hed ocal Ost r eansJand
t odet er m nelt heOext ent Cof Owat er [f r onik he[JSacr anent oRi ver, Chear - sur f aceld
wat er sCwer eldsanpl edOonf our Odays [ Febr uar yd17- 20) [Cby[boat Oshort | yCaf t er Ot heO
onset [Oof Omaj or [f | oodi ng. OOTheOsanpl esCwer elicol | ect edlacr osst heldf | oodedO
bypassabout Chal f Dwaybet weenlhi ghway 0800andt heldsout her nOout | et . (0Speci ficO
conduct ancelJandlconcent r at i onsOof Onut ri ent sCandOet al sOwer efconsi st ent Canongd
t hr eelof [0t hef our [si t esConCal | Of our Odays, CandOonl y[t helsi t eCnear est [t hed
west er nOar gi nCof Ot hedf | oodpl ai nChadDsi gni fi cant| yUhi gher Oconcentrati ons, O
i ndi cati ng(t helpr esencelof (di schar gelf r onid ocal Ost r eans [ seelddat all abl es) . OOAQ
| ocal Ostreanilsour cellcoul dlbel denti fi eddonConl yt woldays. (0Concent r at i onsUof O
NalCon[OFebr uar y[118and[200wer elJat [ evel sCconsi st ent (wi t h(di schar gelf r oniR dge
Cut, [t hel ocal Ost reaniwi t h(k heChi ghest (Nallval ues. O0Val ues[f or Chost Cof [t heD
anal yt esCon[Chost Odayswer e[wi t hi n(0t her anges[f or Cal | Of our O ocal [Ost reans, Cbut O
t heselval uesDweresti | | OsignificantlyOdifferent [ nostl yChi gher) [t hanO
concentrationsO nt heOSacr arent oCRi ver Odi schar ge. (0Si nceRi dgedCut [0 st hel
nost Cupst reantd nfl ow, 0 t 0 s i kel yOt hat Opl umesf r onit helot her O ocal OstreansOd
wer ellconfi ned olver yshal | owOwat er Ual ongt heOwest er nOmar gi nCat Ot hat Ot i ne. O

Sanpl esOwer e(col | ect edlbyboat Cat 0 ocat i onsChear [t helOsout her n[out | et Tof O
t heOYol oBypasswhi | e[t hef | oodpl ai nOwasOdr ai ni ngOaf t er O nundat i on( Mar ch123) O
andOaf t er [t helf | oodpl ai nChadOdr ai nedt ot he evel Oof [t he(per enni al Ochannel O
(April O11). OOSpeci fi cOconduct ance, Onhutri ent s, CandOnet al Oconcentrat i onsCOon0
Mar ch[230wer eldconsi st ent Owi t hval uesat [t heOLower [(Bypass[i t e, 0 ndi cati ngd
di schar gelf r onit hellYol o[Bypass[t o[l helri ver. OOnCApri | 011, Chowever, [val ues
near [t heOsout her nCout | et Dwer e ower [t hant hoseat [t he(Lower [(Bypass(kite, O
i ndi cati ngOsubstanti al Odi | uti onfoyti dal Omi xi ngOwi t hOwat er Of r ot heO
Sacranment o(Ri ver. [
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Dl SCUSSI ONOJ
O

Fl oodwat er sCf r onidFr emont CMéi r Cwer elr esponsi bl e[ or Tt heOmaj or 0 nundat i ond
of [t he[f | oodpl ai nOf r omdm d- Febr uar y[t o0 d- Mar ch, [12000. OO0Even houghC20000was O
not Calparti cul arl yOwet Owi nt er, OSacr anent o0R ver Odi schar gelt ot hedf | oodpl ai nO
wasOsubst anti al | yOgr eat er [t hant he(t ot al [ nf | owf ronit he ocal Ostreans. (0
Resul t sOf r onit helOsanpl eslcol | ect edCbyboat Odur i ngt held nundat i onCperi od
confirmed hat Osur f aceOwat er sCwer eddom nat edCby0Sacr anment o[Ri ver Dwat er Jand
that O ocal Ostreansonl yCaf f ect edt heCwest er nOhar gi n. 0dThi s sOconsi stent Dwi t h(
aeri al Ophot ogr aphsf r onfpr evi ousOyear s, Oal t houghdi schar gepl unesf r onil ocal O
st reansar e(Jpr obabl y[nor e[ext ensi veli nOwi nt er sOwi t h(hi gher Odi schar ges[t hanO
2000. O

Di schar gelover [OFr enont [Méi r Cbegan[t odecr easelld nCear | yOvar ch, OandOwat er O
| evel s nlt heOSacr ament o[Ri ver [(dr oppedbel ow heChei ght Cof [Fr enont CMéi r [ nd
m d- Mar ch. ODr ai ni ngUOof O he | oodpl ai nCwasCr api dOaf t er O d- Mar ch, Or eachi ngO
t hel evel Oof [t heOper enni al Ochannel ChyOear | yOApri | . O0Cbser vat i onsOradelat [t hed
si t esl nt heldYol oBypassUCi ndi cat ed[t hat Copenlwat er Car easdr ai ned(r el ati vel yO
qui ckly, [f ol | owed[bypondsCandCcanal sCk hat Ccr osst he(f | oodpl ai n. OORapi dO
dr ai ni nglof (Ot heOopenOwat er Car eas(l sCal sold ndi cat ed[by[t hellgaugeChei ght (dat ad
fronmik heOLower (Bypass( Fi g. [07) . OOWeexpect [k hat [t heChumer ousCcanal sCcont i nuedd
t oldr ai nOshal | owgr oundwat er sf r onikt he | oodpl ai nOf or DweeksCaf t er Ot hed
i nundati onOperi od. OO

Dur i ngOandOaf t er [t hedr ai ni ngOper i od, [t heOpat hsOof Odi schar gesf r onit hed
| ocal Ostreanslt ok hel(per enni al Ochannel Car efnot Cal waysCcl ear CandOpr obabl yO
changelas[t helf | oodpl ai n[l sCuti |l i zedf or Cagri cul t ure. OJAnOover vi ewllof Dwat er O
sour cesi(i ncl udi ng ocal OstreansCandiwel | s) OandCchannel s n(t heYol o[Bypass{
canlbelf oundd nOalr ecent Ohanagenent (st r at egy [r epor t Cpr epar edf or [t heOCALFEDO
Bay- Del t al0Pr ogr anij( CALFED, (12001) . OWhenOwat er O evel sOarelsti | | Thi ghD nt heO
Sacranment o0Ri ver [r el ati vellt okt heOCol usallBasi n[Dr ai n, Odi schar gelIf r oniJRi dgelOCut O
canl¥ | owldownOalchannel Odi r ect | y[t o[t heOper enni al Ochannel Oupst r eanilof Cour O
HWY50si t e. O0Lat er 0 nOspri ngCandd nOsunmer , Ogat esO nt heORi dgedCut Dwei r Chear O
t heOwest er n eveellof [t heOYol oBypasssuppl yCwat er Ct ol rri gati onOwat er Ccanal s, O
andldr ai nagelcanal sCr out et helr et ur n(f | owt ok helper enni al Cchannel . OOt O
appear edt hat Osoneldi schar gelIf r omiIRi dgelCut Owas[f | owi ngldi rect | y[t ot he
per enni al Ochannel 0O nOm d- Apri |, Oout [t hat Onost Cof [t hedf | owd r onTt heOCol usal
Basi n[Dr ai nOwasdi schar gi ngt o[t heOSacr anent oORi ver Cat [Kni ght sOLandi nghd nOvay O
2000. OO

CachellCr eekal solcanf | owddi rect | y[t ol heCper enni al Cchannel Ohear Cour O
HWY5si t e, Oout Opar t Cof 0 t sCOf | owdcanCbedi vert ed(t olanld rri gat i onCcanal Cal ongd
t heOwest er n eveellof [t heOYol oBypass. O0TheOpr i mar yOf | owJof OCacheICr eek
appear edt o[belr unof f [f r onidpr eci pi t ati onOdur i ngt hi sOst udy, CandOdi schar geld
di rect| y[t ol heOper enni al Ochannel OwasCevi dent Cas at eCasOni d- Apri |l . O

W I | owdS| oughdi dlcar r yCr unof f Of r onidst or nsOdur i ngCwi nt er, Cbut O owt o-
noder at e(di schar geslal solwer elJobser ved nOApri | dandCeven( nOvay Oat [t | neswhen(
st or nir unof f Ocoul dChot Thavelbeent heldsour ce. ODur i nglt hellt hr eesanpl i ngsf r ontl
m d- Ot od at e- Mar ch, Odi schar geCwasver yO owld nOW | | owdS| ough, OandO
concentrati onsof OanyOdi ssol vedUanal yt esCwer eChi gh. O0Const i t uent [t ransport s
t ot heldyol oBypassLi nOm d- [t o at e- Mar chCwer eCpr obabl y[ nsi gni fi cant Cbecausel
of [t hed ow(f | ows. OOAt O owwat er O evel s nt heYol o[Bypass, W | | owdS| oughO
di schar gelf | owssout hwar dCal onglt heOwest er nd eveell okt helbasi nUat [t heCendlof O
Put ahCr eek. ('MWt er [f r onit hi sCbasi n[0 sCusedf or Oagri cul t ur eCandt helr et ur nOd
fl owsCar elr out ed™t ot heOper enni al Ochannel . 000

Welnot ed [ hat OPut ahOCr eekOcar ri edOsomer unof f Of r ontkt heOwi nt er Ost or ns [
evenlt hought hi sOwasOnot Cevi dent 0 n(k helOgaugeldat a. OOHowever , [t helmaj or O
di schar gedur i ngt hi sCst udyCappear edlr el at edt olr eser voi r [r el easeslext endi ngd
tolCear| yOApri | . OOSonmeOof [t hi sOwat er DandOdi schar gelf r oniW | | owdS| oughOcoul dO
haveobeenll npoundedd nCalbasi nConCk hel¥ | oodpl ai n, Oal t houghCaOchannel OcanO

12



carryloverfl owddi rect |yt ol heOper enni al Ochannel . 00 t G sO i kel y[t hat Ohei t her O
W | | owdS| oughOnor OPut ahOCr eekOdi schar geddi r ect | y[t ok helper enni al Ochannel O
aft er Cear | yOApri | 2000. ODi schar gelf r onTW | | owdS| oughCandOPut ahOCr eek [ hat [
reached helOper enni al Ochannel Ocoul dChavell nf | uencedDwat er Ochemi st ryOat Ot he
Lower [Bypasssi t e, [but Onot Cat OHWSDor OHW80. 0D schar gesUf r oninuner ousCcanal sO
t hat OcarryCagri cul tural Or et ur nf | owsDwer eCpr obabl yOnor eOsi gni fi cant O at el nO
t hi sOst udyCat [t heOLower [(Bypass(site. O

Al t houghdi r ect Cobser vat i onsCwer el acki ngli nOsonelcases, [t 0 sO i kel yO
t hat OCache[Cr eekOand[ORi dgeCut Dwer e[t heOmaj or Odi r ect Osour cesof 0 ocal Ost r eant]
f I owt ok heOper enni al Ochannel Of r onidni d- Mar cht ol d- Apri | . OOThi sCwasO
i ndi cat edCby[t helOchem cal Odat aCat Cbot h[HWY5Cand OHWY80L0 nChanycases. 0
Groundwat er, Cagri cul tural Or et ur nCf | ows, OandOper hapsUot her Osour ceslcoul dChavel
been(si gni fi cant 0 nO at eCApri | CandOvay, Owhend ocal st r eansCpr obabl yOdi dUnot O
fl owdi rect!| yt ot heper enni al Ochannel . OOTheselot her Osour cesOcoul dlexpl ai nO
whyOsoner esul t sOf r ot heOYol o[Bypass(ki t esCwer elinot [consi st ent Owi t h(t he
assunpt i onlt hat [t he ocal Ost r eansOwer e[t helaj or Osour ces, Oparti cul arl yOat [t hed
Lower (Bypass(site. O

ThelOshar p ncreasesld n(concent r ati onsof Oanydi ssol vedUanal yt es(i n(t held
Yol o[Bypassl(i medi at el y(af t er [t held nundat i onCper i od( ndi cat edCallr api dO
transitionfronidom nati onlbyOSacr anent o0Ri ver Cwat er [t ol ncr easi ngl nfl uencel
of Dwat er sOf r onit he ocal Ostreansasf | oodwat er sCr ecededt ot he(per enni al O
channel . O0Gener al | yThi gher COconcent r at i onsOat [t heOHW5CandOHWY80si t es
conpar edt o[t hoselat [t heCLower (Bypass(isi t ellal solbsuggest [t hat OSacr amrent oCRi ver O
wat er Owasdr ai ni ngOsout hwar d0 nk hef | oodpl ai nCandCbei nglr epl acedCbyOwat er O
primarilyOfronit helt wolhaj or O ocal Ost r eantd nfl ows, OCachelOCr eekCandORi dge[Cut . [

Mass[bal ancelkal cul ati onsCcannot [belusedt ollveri f y[t hat OCachelOCr eekCand
Ri dgelCut Car et heOhaj or Osour cest ot helper enni al Ochannel Cbecauself | owsOwer ed
not Oreasur edd nORi dgelCut . (OHowever , [t helchem cal Odat aldoOsuggest [t hat [t he
HWY5Cand OHWY80Isi t esOwer e(af f ect edbydi schar gelf r onidRi dgeCut . (O
Concent r ati onsof ONaOandOsul f at eCwer eCinuchChi gher 0 nORi dgel0Cut [r el ati velt o
t he[ot her O ocal Ostreans, O ncl udi ngdCacheCr eek. OO nO at eOvar chOandOear | yO
April, Oconcentrati onsOof ONaCandOsul f at eCat OHWSOandOHW80Dwer e(bet ween(t held
val uesll nOCacheCr eekJand[ORi dgel[lCut, [ ndi cat i ngt hat Owat er s nCt heOper enni al O
channel Ower eCpri mari | yCaldm xt ur eCof [t hesellt wollsour ces. O

't O sOexpect ed hat Oconcent r at i onsOof Odi ssol vedconsti t uent sCvar y[
great! yOw t h{Odi schar geld n(bot h(OCacheCr eekDandRi dgeldCut . (Speci fi cO
conduct ance}( SPC) OwasusedlasCallsur r ogat e(f or Odi schar gellvari abi | ity nCor der O
t oCexam nelf undanent al Odi f f erences n(t hellcheni cal Ovari abi | ityd nt heselt wol
st reans. (Mépool ed heldat alf r onfdour Ost udyOwi t h(Odat allcol | ect edCat [t wo- week [
or Onont hl y[ nt er val s n(t heOCol usalBasi n[Dr ai nOand nOCacheOCr eek[f r ontl
Febr uary[11996k hr oughUOApri | 11998t olseell f Odi f f er ent Opat t er nsCener gedf or ONall
andUsul f at eJ( Fi gs. (240and125; ODomal gal ski OandODel eani s, (2000) . OODi schar gesO
wer e(Javai | abl e(f or OCachelCr eeklover [t hi sCear | i er st udy, Cand, Ogeneral | yO
speaki ng, [0t heChi ghest OSPCllval uesr epr esent edd owdi schar gesCandt hel owest O
SPClval ueslcor r espondedl olldi schar gest hat Dwer eChi gher [0t han hoseli n[12000. 0O
Thelr el ati onshi psbet weenNaCandOSPCOwer e3si i | ar Of or Ot he wod ocal Ostreans, O
but Onost Dof [ heOval ues n(t heOCol usaBasi nCDr ai nOwer eldgr oupedChi gher Ot hanO
t hosel nOCacheldCr eek. O0Consequent | y, ONalcanCbelalk r acer Of or Omi xi ngOwhenOd
di fferencesl nCconcentrati onlbet ween(t hellt wollstreansUarelr el ati vel y( arge. (I
Thellr el ati onshi psbet weensul f at eCandOSPCOwer e(Icl ear | yOdi f f er ent Of or [t he Ot woO
streans( Fi g. [25) . OOvbst COconcent rat i onsCof Osul f at el n(t hedCol usalBasi nDr ai n
wer e(lsubst anti al | yChi gher [t han(t hose[ nOCachelCr eeklover Oalw de(r angelof (OSPCO
val ues. OOTher ef or e, Osul f at eldm ght CbeCalgoodCt r acer Oof Odi schar gelf r onidRi dgell
Cut Oat [t helYol oBypass(Ii t esover Halw delr angelof Thydr ol ogi clOcondi ti ons. O0TheO
ext ent [t oOwhi chsul f at eldcanCbelal t er edCbybact eri al Opr ocessesi nlt hel
per enni al Ochannel 0O sOunknown, Osofwelest i mat ed(t hef ract i onCof [t het ot al O
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i nfl owt hat Ocanmelf r omIR dgelCut Cat [t he CHWY5Cand OHWY80(si t esCusi ngd
concentrati onsof [bot h(Naland(sul fate. O

| f DwelCassunelt hat [t heCchemni cal Oconcent rati onsOwer e ar gel yOdet er m ned
byt wo- conponent Om xi ng, Cest i mat esOcanCbelbasedOont hel¥ ol | owi ngd
relati onship: O
0
Thelr ecei vi nglwat er Oconcentrati onlli n(kt heOper enni al Cchannel O TD] L= t hed
fracti onOof Ot helt ot al 0 nfl owllcont ri but edCbyORi dge[Cut , OQRC, [t i mes[t hel
concentrati ond n[ORi dgeCut, (Q RC] ) +J(t heI ract i onUof [t ot al [ nf | owlcont ri but edd
byOCachelCr eek, O1L- QRC, [ i mest helconcent rati ond nOCacheCr eek, (0 CC] ) . OO
0
Rear r angi nglt heOexpr essi on(gi ves: OOQRCCEL( [ TD -0 CC ) / ([ RC] O-O0 CC] ) O
O
Si npl el wo- conmponent Om xi nglhodel sCOsuchOasCt hi sChavelbeenOusef ul O nO
i denti fyi nglsour ceslof Cwat er [t oIf | oodpl ai n( akes[¥ For sher glandot her s, (11988; O
Cari gnanlandNei ff, (01992) . O

Cal cul ati onsf or OMar chO17, 0 nmedi at el yOaf t er Of | owover OFr enront CWMéi r ThadO
st opped, Ogavelver y owdQRCval uesbecauselhost Tof [t heOwat er Cwas[f r onit he[D
Sacr anment o[Ri ver. O0Cal cul ati onsf or OVar ch[230gavelkonpar abl e(r esul t s{f or ONa
andIsul f at eCat OHWY5, [00. 630andl0. 78, [r especti vel y, DandOHW80, (0. 78 0and[0. 72, O
respectively. dOSim | arly, Oresul t sCOf or OMar ch[280f or ONalCandOsul f at eOwer e: (0
HWY5, 0. 540and[0. 57, [r especti vel y, Oand(HWY80, [10. 390and[0. 40, [r especti vel y. 0O
Thelkal cul ati onsf or OHW5suggest [t hat Ot he[l nf | owf r onIRi dgeOCut OwasIsi mi | ar O
t olor Oper hapsCevenlgr eat er (0t hant held nf | owf r onidCachel0Cr eekCover [t helt woll
weeks[If ol | owi ng[ nundat i onCby [t heOSacr ament o[Ri ver. 00 t 0 sO i kel y[t hat O
channel sOdr ai ni ngt hef | oodpl ai nChadOalgr eat er Cef f ect Cat OHW80, Dandt hat [t he
Lower (Bypass(isi t e(al solwasaf f ect edCbyf | owlpri mari | yOf r onfPut ahOCr eek. 00O
Assum ngt helot her O ocal Ust r eant nf | owsChadlconcent r at i onsUof ONalandOsul f at e
sim | ar [t o00Cachel[Cr eek, [t helcal cul ati ons0 ndi cat el hat (f r omiI10X Nalval ue) [t o
29 sul f at e[lval ue) Oper cent Uof [t heOwat er [ n(t heOLower (BypassOwas[f r onTRi dgeld
Cut ConOvar ch28. OO0

Concentrati onsof Odi ssol ved nor gani cONCOand[PChut ri ent s ncr easedat O
t heYol oBypass(si t esOwhi | et hef | oodpl ai nOwasCOdr ai ni ngfdandCcont i nuedt o
i ncreasell n(t heOper enni al Cchannel Cunti | Ot heOsmal | Of | owpul selli nOmi d- Apri | . OO
Depl et i onlof [ heseOnut ri ent sCbybi ogeochem cal Opr ocesses, OsuchCasO
phyt opl ankt onOpr oduct i on, Owasnot obser ved, 0 ndi cat i nglt hat [t he[r at e[of O
suppl yOoy O ocal Ost r eanmsCandOot her Osour cesOandOpr ocessesout wei ghedr enoval O
nmechani sns. O0Over - enri chiment Oof ONCandOPOnut ri ent sCOcan eadt oChui sancelal gal O
bl oons, Oparticul arl yO f Odepl et i onCof Odi ssol veddSi occur s seellr evi ews[byO
Conl eyCandlot her s, 11993, CandC oer n, [2001) . D ssol veddSi Owas[host [
concentrat edd n(t he(OSacr anent o0Ri ver [ nf | ow, [but Cconcent rati ons n(t hedYol oO
Bypass[wer elr educedt oCabout Chal f [t hat 0 nt helr i ver Cby [t helendCof OMar ch. OO
I nfl owf ronit he[ ocal Ostreanscoul dOaccount [f or Oat O east OsonmeOof [t hi sOdecl i ned
i nOdi ssol vedISi , Cbut Or enoval ChyOphyt opl ankt onCpr oduct i onCpr obabl yOwasCall
factor OasOwel | [ seelbel ow) . 00 t 0 sCOnost O npor t ant [t oChot el hat (di ssol veddSi O
was Onever [0r educedt o[dsub- m cr onol ar Oconcent rat i onsC ndi cat i velof 0OSi O
[imtation. OHowever, [t heCabundanceOof [di ssol vedSi [r el ati ve(t ot he(ot her O
nut ri ent stwasr educed ofal evel Osuch(lt hat Canl nt enseldi at omibl oconiwoul dOJ
depl et e(ddi ssol veddSi [If r onit heCwat er Ccol utmbef or et heot her Onut ri ent s. 0000000
a Alr ecent OUSGSOassessnent Uof Cwat er CandOsedi ment Oqual i t yO nk hed
Sacr ament o[0Ri ver [Basi nl denti fi edOdmanyOsour cesOof Ocont anmi nant st hat Ocand
degr adelhabi t at sCandOposer i skst oCaquat i cOandOot her Ospeci es, O ncl udi ngChumanO
bei ngsi Donal gal ski OandDel eani s, [(2000) . O0O0Soneof [ heselcont anm nant sCar e
deri vedf r orinat ur al Osour ces, OsuchUasOner cur y[ Hg) Odeposi t s nt heldcoast al O
r angewat er shed, Owher easUot her Ccont am nant sCar e(pr oduct sCof ChumanCact i viti es, O
suchlUasOpesti ci desf r onilagri cul t ur al Oappl i cati onsCandOur banOr unof f . O0Dur i ngd
wi nt er, Cal ar gelf racti onOof [t helr unof f [f r onit heOSacr anent oORi ver Basi nCcan
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f | owt hr ought heOYol oBypassCicarryi ngldi ssol vedCandpar ti cul at eCcont ani nant s
t ot helDel t alandOSanFr anci scoBay( f or Oexanpl e; ODonmagal ski CandOKui vi | a, O
1993; OBer gamaschi CandOot her s, [(2001) . OUndoubt edl y, Osomelcont anmi nant stf r onit he
Sacr ament o0Ri ver Ocanbell r appedl n(t helYol oBypassast hef | oodpl ai nCbegi nsO
toldrai n. OO naddi ti on, O ocal Ostreant nfl ows, 0 rrigationeturnCfl ows, CandO
di schar ges(f ronilt he ocal Our banlar easCar e(pot ent i al Osour cesof Ocont ani nant s
t ot heldYol oBypass. (0ThelYol oBypass[pr ovi desChabi t at [f or Calwi delr angeof O
aquat i cOor gani sns, Om grat or y[bi r ds, CandOrany Oot her [speci es, Owhi chOcoul dbe
af f ect ed[by[cont am nat ed[wat er sCandOsedi nment s. O
O Ri dgel]Cut OandOCacheCr eekOwer el dent i fi edUdabovelasCraj or Osour cesof O
di schar gel ot helYol o[Bypassf or Oweeksaf t er [t hel nundat i onOof [t hef | oodpl ai nO
byOSacr anent o0Ri ver [Odi schar ge. 0dTheOCol usaldBasi n[Dr ai nC st heOsour celof Cwat er O
forORi dgeldCut. O rrigationlreturnlfl owd st ypicall yOall argelfracti onOof [t held
wat er 0 nt heOCol usalBasi n[Dr ai n, Jand[t hi sCwat er Ocanlbellsubst anti al | yOenri chedO
i nOdi ssol vedsal t s, [sedi ment s, CandOchemni cal sOderi vedf ronmidagri cul tural O
activitiesl nlt he(Basi n(J f or Dexanpl e(lseeSchenel CandCot her s, (11989, CandO
ref erences(t her ei n) . O0TheOCol usalBasi n[Dr ai n(i sOalaj or Osour celof Cpesti ci desO
and[lt hei r Odegr adat i onCpr oduct sCparti cul arl yOduri ngOspri ngl Domagal ski , (119960
and[2000) . OOSi mi | arl y, OmanyOcanal sCcarryr et urnf | owst ot heOper enni al O
channel OOf romiJagri cul t ur al Car eas n(t heYol oBypassf | oodpl ai n[f r onilspri ngd
t hroughOsumer . OOPest i ci desUand hei r Odegr adat i onCpr oduct st hat ThavelbeenOd
det ect edld nCt hellYol oBypassCappear [t o[belr el at edt ok unof f Cevent sOdur i ngd
wi nt er DandCagri cul tural Or et urndf | owsd at er 0 n(t heOyear [ Donagal ski , (2000) . O
a TheOSacr anent oRi ver OBasi nChasOranyOnat ur al JandOman- madeOsour ces Dof OHgO
(Domagal ski, 01998) . OOThehi ghest O oadi hgOof OHgt oO0SanOFr anci scoBayhas[been(
attri but ed oOsour cesl n(t he(dCacheCr eek[wat er shed. O0OHi ghest [t ransport Or at esO
f or OHgcoi nci dewi t h(t helhi ghest Odi schar ges, CandOnost Cof [t heOHgOf r onit heO
Sacr anment o0Ri ver [syst enilent er edt heEst uar y[vi alt heYol o[Bypassduri ngt hel
19970and119980wat er [year s Domagal ski , [(2001) . OOAIl t hough evel sUof [t ot al OHgO
wer e[ ower [ han[t hosel nOCachelICr eek, si gni fi cant Cconcent r at i onsCof Chet hyl O
mer cury, Owhi chl sOparti cul arl yChazar dous(t oCaquat i cCor gani sns, [havelbeen(
measur edd n(t heCol usaBasi n(IDr ai n. 0JCondi ti ons[t hat Ocoul dCpr oducelnet hyl O
nmer cur yO ncl udeOst agnant Cwat er sCdandOmar sheswi t hCanCabundancelof Osul f at eCandd
or gani clcar bon, Owhi chlar eCcondi ti onssi m | ar [t ot hosel nt helYol oBypassO
duri ngOspri nglof Cour Ost udy. OO0

Pl ans[t oOdevel opUhabi t at O n(t heOYol oOBypassOn ght Cheed(t oClconsi der O
wat er Osour ces, [cont anmi nant s, CandCbi ogeochem cal Opr ocesses[ nor der [0t oJ
optim zelkcondi tionsCfor Owi | dl i fe. OORunof f Tf ronid ocal Ust reansOduri ngOApri | Cof O
our Ost udy [ ncr easedf | owJandr educedCconcent r at i onsof OnranyOsubst ances(t hat O
hadOaccunul at edd nt heCper enni al Ochannel Cof [t helYol oBypass. OHabi t at [
condi ti ons( n(t heOper enni al Ochannel Cal soOni ght CbelJenhancedCbyperi odi cO
f 1 ushi ngOoy Owat er f r onit hedSacr anent oRi ver, [r el easesf r onil eser voi r sCon
Cachellor OPut ahlcr eeks, Oor Oot her Osui t abl e(f r eshwat er Osour cesOdur i nglt held
irrigationseason.

Di schar gel r onit heYol oBypass(i sOalsour cellof Omany[di ssol vedOandO
particul at eOsubst ancest ok helk i dal OSacr ament o[Ri ver . OOTr anspor t sOof O
di ssol vedCandOparti cul at eOsubst ancesf r onidt helOYol o[BypassOar e[lof t en[gr eat er O
t hant hosef r onit helupst r eanidSacr anent o0Ri ver Ochannel Odur i ngOwi nt er Of | oods, O
but 0 nput sTf r onit heldr ai ni ngOof [t hedf | oodpl ai nCchannel sOaf t er (t hel nundati ond
peri odOandOr unof f Of r onidspri ngst or nsCal solm ght Cheld nportant Ot ok helri ver. OO
Qur [0r esul t sshowJall ar geldchangeld n(t heOqual i t yOof Odi ssol vedCandOparti cul at e
organi cOmat t er 0 nt heOYol o[Bypassaf t er [t held nundat i onOperi od. OOSUVAval uesO
and[C. NCr at i os[Odecr eased, Owhi chCwasCallst rongl ndi cati onlt hat [r ecent | yOpr oducel
or gani cmat t er OwasUnor eCabundant . O0OChI or ophyl | Oalmeasur enent sChavelconfir medd
t hat 0 ncreasedOpri mar yOpr oduct i onCby[di at onsCandUot her Ophyt opl ankt onOwasCall
maj or [Of eat ur elof [t heOdr ai ni ngOper i odt hr oughOni d- Apri | ( W OSobczakOandOA. O
Muel | er - Sol ger, Oper sonal Ocomuni cati ons) . 00 nCaddi ti on, Ochl or ophyl | Call
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noni t or sCat ORI oVi st allhavelshownf or OmanyOyear st hat Oconcent rati onsC nt he
Sacr anment oRi ver [ ncr easedur i ngt heldr ai ni nglof [t helYol oBypassandlCof t end
fol | owi ngl at e- seasonst or ns[t hat [f | ushOmat eri al sCf r onit heOper enni al Ochannel O
( Sommer Oandlot her s, [2001) . (0Theser esul t sOsuggest [t hat [0t he[Yol o[Bypassnot [
onl yO0 sOalpr oducer Dof Chi ghl yOnutriti ousOorgani cOmatter Of or 0 t sO nhabi tant s, O
but ¢ hat 0 t Dexport sCor gani cOmatt er [t ok helri ver - del t a- est uarydsyst em Owher e[
suppl i esCof Ophyt opl ankt onUor gani cCcar bonChavelbeconell ncr easi ngl ylOscar celd n
recent [year s[J( JassbyOandlUot her s, [2002) . ORecomendat i ons[f or Or ehabi l i tati onO
of [t he[Del t ald ncl udefbetter Cutilizati onlof Opotenti al | yOpr oduct i vellar eas

i ncl udi ngk heYol o[Bypass, Cot her Of | oodpl ai ns, ODandOmar shl ands( JassbyOandO

C oern, (2000). O

O Fl oodpl ai nslCof O argelri ver Osystenslarelkritical | yO nport ant Cconponent s
of [t hei r Decosyst ens [ JunkOandot her s, [11989; OTockner Candot her s, (2000) . (Lar ged
expanses[of [t heOSacr ament o[Ri ver Dval | ey[wer e[ | oodpl ai nsCandwet | ands[bef or ed
thedCal i f or ni aldgol d0r ush. O0Ser i ousCecol ogi cal Odanmage[ ot he[dSacr ament oCRi ver O
nm ght Obelexpect edf r onit heChugelr educt i onl nf | oodpl ai nOandOwet | andCar eas by
recl amati onlf or Cagri cul t urelal one. OOThelYol oBypass[i sCalr ermant Cof Calloncel
ext ensi velf | oodpl ai n(t hat Chas[beenCengi neer edCand eveed(t opr ovi de(f | oodO
protection. O nlrecent Oyear s, OnweChavel ear ned hat [t hi sCf | oodpl ai n(lal soO

provi desOmanybenefi t s[t o[t helri ver Cecosyst enflandt heO0SanOFr anci sco[Bay [ seel]
Somer Candot her s, (2001, OandCr ef er encest her ei n) . O0Act i onst hat Ocoul dO

pr eserveldandCenhancelecol ogi cal (benefi t sCof [t heOYol oBypassCr ecent | yChavel
beenlpr oposedasOpar t Oof [t he(Bay- Del t allEcosyst enilRest or ati onPr ogr ani] seel
CALFED, (12001) . OOThi sOst udy [ n[20000andOour Cpr evi ousOst udy i n[(119980pr ovi del
know edgelof Dwat er Oqual i t yOcondi ti ons n[t heOYol oOBypassCandl ocal [Ost r eans

t hat Oshoul dOpr ovelusef ul 0 n(k hel npl enent at i onCof Cpr oposedmanagenent O
actions. 0O
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SUMVARYO
O

O Resul t sOf r ont hi sOOst udyOdur i nglwi nt er CDandCear | yOspr i ng20000 i nkO
vari ati ons nOwat er Ogual i t yOi n(t heOYol oBypass[t o[di schar gesf r onit hel
Sacr anment oRi ver Oand ocal Ost r eans [ hat Oent er [t heCwest er nCrar gi nUof Ot hed
f I oodpl ai n. OWhen[f | oodwat er sOwer e(f | owi nglover OFr enront [Wei r, [0t heOwat er O
chem stryl0 nt helYol o[Bypasswasver y[Isi mi | ar [t ok hat O nt heOSacr arent oCRi ver O
except Cal ongt heCwest er nChar gi nCwher et hel nfl uencesUof O ocal Ost reantl nfl owsO
wer e(levi dent . When[f | owdover OFr enront CWMéi r Ost opped, [t hef | oodpl ai nO
subsequent | yOdr ai ned, Canddi schar ges(f r onfl ocal st r eans[becanelmaj or Osour ces
of Dwat er Cand[Owat er bor nelJconst i t uent s. O0AsOwat er sCwer e(lconf i ned™ o[t he[
per enni al Ochannel Cal ongt heleast er nOhar gi nUof (t hef | oodpl ai n, Ochem cal O
concentrati onsl ndi cat edIst rongll nf | uenceslof [di schar gesf r onTICacheCr eekCandO
Ri dgeCut . (0Bot hof [t hese[st r eansCar ellsour cesof [cont am nant sCt hat Car ed
potential | ythazardoust oOwi | dl i f e. O0Sour cesof Osomelconst i t uent sOwer eCnot O
clearlyl dentifiedOduri ngCearl yOspri ng, Cwhi chOm ght Cbelexpect edCasCcanal s
dr ai nOshal | owdgr oundwat er sCf r onit hef | oodpl ai nCandCagri cul tural OactivitiesO
comenceld n(t he(ar ea. OOTheOper enni al Ochannel Opr ovi desChabi t at OOf or Caquat i cO
speci eslt hr oughout (0t helyear . OCWat er Ochemi st ry D n(kt heOper enni al Ochannel Cof [t heO
f 1 oodpl ai nOwas nfl uencedCby[r unof f Of r omidst or nsOdur i nglspri ng, Cwhi chOf | ushedO
accunul at edChut ri ent sCOandOor gani cOrat t er Of r onit heOchannel . O0Suchf r eshwat er O
i nfl owsCcoul dlr educel hellri sklof Cover Cenr i chnent Cof 0 nor gani cChi t rogenCandO
phosphorusOnut ri ents, Onut ri ent st hat Opr onot e(al gal [bl oons [t hat Ccoul ddegr adel
habi t at Oqual i ty. OHabi t at Ccondi ti onsOduri nglCt hedry0 rri gati onOseasonCm ght O
beCenhancedlbyperi odi c[r el easeslof [sui t abl e[ r eshwat er [0t ot he[per enni al O
channel . O
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Appendi xOA: OFI LTRATI ONCANDOSAMPL ECIPREPARATI ONCOMVETHODS
FORLTHELYOLOOBYPASSLSTUDY NC20000

l
DI SSOLVEDLI NORGANI CLICONSTI TUENTS: [
O
O Cel I ul osellester filters47mm di anet er, (0. 45um pore-si ze; M | | i pored

t ypeHACor Cequi val ent Owi t h(t ar eOwei ght sO n0t helOr angeCof (190- 1000hyg) Ower eCusedd
tolfilterOsanpl esf or O CP, O C, ODandOnut ri ent Oanal yses. O0TheOpol ycar bonat e
filterOapparatusO( Sartorius116510, Dor COequi val ent) Cwascl eanedOwi t h(di | ut e[HA O
bet weenbat chesof Osanpl esOand¥ri nsedwi t h(Jaci d-di sti |l | edDwat er (bet ween

sanpl es. OOAf t er Opr ocessi nglt hesanpl e, Oeachfi | t er DwasOdr i edd nCalldesi ccat or O
f or Jalnont hOandOwei ghed ™ oOpr ovi deanCest i mat ellof [t he(dsuspendedOparti cul at el
matt er Oconcent rati onld nt heOsanpl e. O0Thepr ocedur eCwasCasf ol | ows: O

O

1)ORinseldfiltrati onCapparatusCbyfillingdt heCupper Oreservoi r Ot ok he200n O
mar kOwi t h(Jaci d- di sti | | edOwat er Candswi r 1 i nglt hed i qui dOasi t Odr ai nsCt hr oughO
tolt hel ower [r eservoi r. 0dThe i qui dC n(t hed ower [r eser voi r [ s(shakenbef or e
bei ngdi scar ded. (Thi s sCr epeat edf or Calt ot al bof Ot wollri nses. O

2)Onstal | OFi | ter, Omaki nglsur et hat 0 t 0 sCcent er edCpr oper | y. (00

3) IMeéi ghOsanpl efbot t | efont heCpanbal anceOandCr ecor dlval ue. O

4) OShakeOsanpl e, Ot henOpour Cappr oxi mat el y50m O ntolfil trati onCapparat us. 00
Swirl Ocont ent st ol i nseOsanpl el¥ eservoi r, [t henBCappl ylvacuum O0Pl acet hed

pl asti cCcapll oosel ylont ot heOsanpl elr eservoi r. O0JAf t er (al i quot ChasbeenOd
filtered, [t urnbof f DvacuunidandOdi sconnect Ovacuunid i ne. OHol di ngt helent i red
assenbl y, Ogent | yOswi r | [ he i qui dO0sot hat [0t he ower [r eser voi r [0 s0ri nsedt od

t hed evel Oof ( he O'0ri ng. OORenmovelfil tratelreservoi r JandOpour Cof f [t heO
filtrateOover [t helOgr aduat edIsi delof [t hel[r eser voi r [ uselt hi sCOsanmellsi de(f or Cal | O
pouri ng) . OOReassenbl elJappar at us. O

5) ORepeat Ost ep#. O

6) OShakelsanpl e, [t henCpour [bet weenM500and200mM Dof Osanpl el nt oOsanpl e
reservoi r CandOappl yivacuum OOPI acelt helpl asti cOcap oosel ylont ot heOsanpl e[
reservoi r twhi | e[t heOsanpl el sCbei nglf il t ered. OOWei ghk heOsanpl elbot t | efJandO
recordt heddi f f er enceld nCwei ght Donkt he(pet ri Odi sh(Ot hat Owi | | CheCusedt oOst or e
thedfilter. OOAft er Ot hesanpl eChasCfi | t er ed, [t ur nUof f [t helvacuunidandO

di sconnect [t heOvacuunil i ne. O

7) ORenovelt he(dsampl elreservoir-filterOassenbl yOf ronidt hefil tratelreservoirQd
andOpour [t heOsanpl es nOt helf ol | owi ngOmanner . OOFi | | Ot hed60m Cpol yO CPCbot t | e
t ot heshoul der . OJPour Oout [t heOar ti ficial Ori ver Dwat er Of r onit hed30m Chut ri ent O
bottl e. OOR nselt helnutri ent [(bott| edandCcaplt hr eelt i mesOwi t hCalsmal | Canount Cof O
filtrate, Ot henfill Ot he[bott! el ot heOshoul der. OOFi | | Tt he[0160m O Clbot t | el o
t heOshoul der Owi t h(Ot her emai ni nglfiltrate. O

8) ORempvelt helOsanpl elr eser voi r CandCr enovelt helfi | t er. OOPl acelt heX il ter O nO

t heOpet ri Odi shCand abel [ hedi shOwi t h(t heOsanpl el ocati on, Odat e, Oandt i ne. O
9) ORepeat Cpr ocedur el r onilst epLCf or [t helnext Osanpl e. O0Af t er Cal | Osanpl esCar e
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O

Tabl ed1. O0Speci fi cOConduct anceli nCuSOcm*, "chl ori de, Osul fate, O
di ssol vedlor gani clcar bon, Osuspendedlparti cl es, O
parti cul at ellcar bonOandni t r ogen, Canddi ssol vedUnet al s
i nOng/ L, CandOdi ssol vedOnut ri ent sC nCuMd nk heO
Sacr anment o[Ri ver Uat [Fr enont [Méi r Odur i ngUt hed nundat i onlJ
peri od, OMar ch12000. O

[

O

Anal yt e[] Mar ch07[] Mar chl17[]
[

O

Speci fi cConduct ancel] 12101 1470
Chl ori del 3.50 4. 00
Sul f at el] 9. 20 10. 40
W

Di ssol vedOor gani clcar bonO 2.90 1. 30
[ Speci fi cOUvVabsor bancell 0. 0790 --0
Suspendedparti cl es 1450 680
Parti cul at eldcar bon[ --0 0. 820
Parti cul at elni trogen( --0 0. 090
W

Di ssol vednet al s: O

Bor onl] 0. 0401 0. 0401
Bar i untl 0. 0200 0. 020
Cal ci untl 100 130
Pot assi unt] 1. 30 1. 20
Magnesi unt] 5.10 6. 40
Sodi unt] 6. 30 7.20
Siliconld 9. 40 10. 60
Strontiunil 0. 060 0. 090
O

Di ssol vedOnutrients: [

Ni tratel 10. 90 14. 00
Nitritel 0. 10 0. 10
Ammoni unt] 0. 90 0. 30
Di ssol vedlr eacti veljphosphat el] 1.10 0.70
Di ssol vedIsi | i call 3080 3390
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Tabl e[2. OOSpeci fi clOconduct anceld( uS/ cm) Oandconcent r at i onsCof [
chl ori deCandlsul fateJ(ng/L). O

O

[

[ [ Speci ficl

Sanpl el DO Dat el Conductanceld Chloridel Sul fatel
O

Frenont OWei r O( FRW O

FRW] 7- Mar - 000 1210 30 90
FRW] 17-Mar-000 1470 40 100
O

Lower [(Bypass[{ STTD) [

STTDO 26-Jan- 000 7900 4901 1040
STTDO 28-Jan-000 7120 430 1000
STTDO 31-Jan-000 7280 410 900
STTDO 2- Feb- 000 7470 42[] 870
STTDO 3- Feb- 000 7530 4900 900
STTDO 7- Feb- 000 7690 480 900
STTDO 9- Feb- 000 8230 520 1000
STTDO 11- Feb- 000 8100 510 980
STTDO 14- Feb- 000 5700 350 680
STTDO 16- Feb- 000 2010 100 160
STTDO 25-Feb-000 1690 70 110
STTDO 28- Feb- 000 1460 50 100
STTDO 6- Mar - 000 1460 50 100
STTDO 20- Mar - 000 4760 230 441]
STTDO 22- Mar - 000 5340 270 510
STTDO 23-Mar-000 5740 300 570
STTDO 24- Mar - 0000 5590 300 540
STTDO 27-Mar-000 5680 310 500
STTDO 31-Mar-000 6400 370 610
STTDO 10- Apr-000 8240 530 920
STTDO 17- Apr-000 9210 770 710
STTDO 24- Apr- 000 4640 250 400
STTDO 1- May- 000 6540 450 550
STTDO 8- May- 000 7630 620 550
STTDO 15- May- 000 6040 4417 450

STTDO 22- May- 000 6420 49(] 48[
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Tabl e(2cont i nued. 00O

O

(] [ Speci fi cl

Sanpl e D00  Dat el Conductancell Chloridel Sul fatel
O

Toe[Dr ai nCat O - 800 TD80O) [

TD80OU 26-Jan-000 8320 510 1180
TD80OU 16- Feb- 000 1630 70 130
TD30O 28-Feb-000 1600 60 110
TD80OU 7- Mar - 000 1530 50 110
TD80O 17- Mar - 000 2620 110 230
TD80OU 23-Mar-000 7150 42(] 870
TD80OU 28- Mar-000 7050 450 710
TD30O 3- Apr - 000 8330 540 930
TD30OU 17- Apr-000 9110 750 840
TD80O 21- May- 000 6780 520 600
W

Toe[Dr ai nCat [ - 504 TD5) U

TD50 26-Jan-000 7830 410 1240
TD50 16- Feb- 000 1280 50 100
TD50 28- Feb-000 1380 40 90
TD50 7- Mar - 000 1570 70 100
TD50 17- Mar-000 3630 160 390
TD50 23- Mar-000 7310 4201 920
TD50 28-Mar-000 7410 440 880
TD50 3- Apr - 000 8370 520 1070
TD50 17- Apr-000 8050 660 500
TD50 21-May- 000 7780 750 610
O

Ri dgelICut [OCanal [(Mest [ISi de(Jat [JRoad 116 RCWL6) [1

RCWL6T] 26-Jan- 000 7440 380 1150
RCWL60 16- Feb- 000 4420 240 620
RCWL6] 7- Mar - 000 5540 280 690
[

Ri dgelCut (OCanal [East [ISi de[Cat DRoad16( RCE16)

RCE160 26-Jan- 000 7250 350 1120
RCE160 16- Feb- 000 4420 240 630
RCE160 20- Feb- 000 6000 300 830
RCE160 28- Feb- 000 5880 300 790
RCE160 7- Mar - 000 5710 290 720
RCE- 160 17- Mar - 000 7800 410 1020
RCE- 160 23-Mar-000 7840 42(] 1080
RCE- 160 28- Mar-000 8910 510 1290
RCE- 160 3- Apr - 000 8420 460 1130

RCE- 16U 17- Apr-000 8950 760 870
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Tabl e(2cont i nued. 00O

O

(] [ Speci fi cl

Sanpl e D00  Dat el Conductancell Chloridel Sul fatel
O

Col usallBasi n[Dr ai nCat [Road[O9EL( CBDY9) [

CBD99ED 20- Feb-000 6130 310 850
CBD99ED 28- Feb-000 6120 310 840
CBDO9E[ 21-May- 000 5150 230 830
O

CachellCr eekat [Road[11130J( CC113) [

CC1130 26-Jan-000 7020 780 520
CC1130 16- Feb- 000 3890 260 290
CC1130 28-Feb- 000 3340 140 260
CC1130 7- Mar - 000 3590 140 250
CC1130 17- Mar - 000 4160 200 250
CC1130 23-Mar-000 5440 350 340
CC1130 28-Mar-000 5500 350 330
CC1130 3- Apr - 000 7470 4900 410
CC1130 17- Apr-000 4980 300 260
CC1130 21- May- 000 7280 460 370
O

W | | owSI oughat [(Road[1102( W5102) [

W51020 26-Jan-000 4410 260 540
W5102[ 16- Feb- 000 3230 170 360
W51020 28-Feb-000 4210 220 400
W51020 7- Mar - 000 4230 210 370
W5102[] 17- Mar-000 8700 260 280
W51020] 23- Mar-000 8510 600 810
W51020 28-Mar-000 11810 680 780
W51020 3- Apr - 000 6590 4411 450
W5102[0 17- Apr-000 4570 260 280
W5102[0 21-May- 000 5510 310 300
[

Put ahUCr eekCat 0O dDavi sORoad [ PCD) U

PCDO 26-Jan- 000 4710 O O
PCDO 16- Feb- 000 3360 140 300
PCDO 28- Feb-000 4300 170 450
PCDU 7- Mar - 000 3580 80 300
PCDO 17- Mar- 000 3520 70 260
PCDO 23- Mar-000 3510 70 250
PCDU 28-Mar- 000 3540 70 250
PCDO 3- Apr - 000 4340 150 290
PCDO 17- Apr-000 5730 270 330

PCDL 21- May- 000 5670 24[] 3401
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Tabl e(2cont i nued. 00O

Boat 0Sanpl esIf r onilYol o[Bypass: [IBandUAEEast [ISi de; [Band[ID[=[Mést [

D

0 0

Sanpl e D00  Dat el

l

Si deld

BANDLUALI 17- Feb-000 1330
BANDB[ 17- Feb- 000 1090
BANDLICL 17- Feb-000 1180
BANDLIDL] 17- Feb-000 2200
BANDCAC 18- Feb- 000 1190
BANDLIBLI 18- Feb-000 1170
BANDOCO 18- Feb- 000 1140
BANDOD] 18- Feb- 000 3680
BANDLIBLI 19- Feb- 000 1320
BANDOCO 19- Feb- 000 1270
BANDOD 19- Feb- 000 2880
BANDLUALI 20- Feb- 000 1470
BANDB[ 20- Feb-000 1400
BANDCICO 20- Feb- 000 1450
BANDLIDLI] 20- Feb- 000 4160
O

Boat OSanpl esf r omiISout her nCut | et Dof (Yo
LH 10 11- Apr 5270
PS- 10 23- Mar O 5580
PS- 101 11- Apr U 3410
PS- 200 23- Mar [ 5360
PS- 201 11- Apr O 3220
PS- 30 23- Mar [J 55101
YB- 10 11- Apr O 2210

Speci fi cl
Conduct ancel

53

Chl ori ded

Sul f at ed

su
41
40
90
41
40
41
200
40
41
130
60
41
40
160

ol BypassU
330
280
200
260
190
270
110

100
oul

100
230
oul

90

100
470
100
100
330
100
100
110
42(]

510
54[]
290
510
270
54[]
180



Tabl e[13. O0Concentrati onsof Chitrited NO2), (Nitratelpl usCNitritel
(N+N) , DAmmoni uni NH4) , Odi ssol ved nor gani cOni t r ogen

(DI'N), Odi ssol vedlr eact i veldphosphor usi DRP) , Oand[]

di ssol ved[ilicald D Si). O

O

O

Stationl DO Dat el NC2 [
O

Frenont CMeéi r O( FRW O

FRW] 7-Mar-000 0.140
FRW] 17- Mar - 000 0. 080
O

Lower OBypassUJ( STTD) U

STTDO 26- Jan- 000 3.590
STTDO 28-Jan-000 2. 870
STTDO 14- Feb- 000 1.630
STTDO 16- Feb- 000 0. 530
STTDO 25- Feb-000 0. 170
STTDO 28- Feb-000 0. 170
STTDO 6- Mar- 000 0. 150
STTDO 20- Mar - 0000 0. 20
STTDO 22- Mar- 000 0. 350
STTDO 23- Mar-000 0. 40
STTDO 24- Mvar - 000 0. 610
STTDO 27- Mar - 000 0. 810
STTDO 31- Mar-000 1.30
STTDO 10- Apr- 000 3. 180
STTDO 17- Apr - 0000 4. 620
STTDO 24- Apr-000 1.670
STTDO 1- May- 000 3.270
STTDO 8- May- 0000 5. 310
STTDO 15- May- 000 2. 050
STTDO 22- May- 000 2. 240
O

ToelDr ai nCat O - 800 TD80) U
TD80O 26- Jan-000 2. 130
TD80OU 16- Feb- 000 0. 460
TD80OU 28- Feb- 000 0. 260
TD80MO 7-Mar-000 0.20
TD80U 17- Mar- 000 0. 270
TD80OU 23-Mar-000 0. 720
TD80MO 28- Mar - 000 0. 8401
TD80OU 3-Apr-000 1.60
TD80MO 17- Apr- 000 2.950
TD80MO 21- May- 000 2. 680

N+NL

11.
14.

73.
76.
58.
22.
15.
12.

10

10
10

S0
20
60]
10
60
S0
S0

6. 80

16.
19.
20.
25.
36.
101. 40

10
30
70
20
60

1360
45[]

84.

10

1541

95.
94.

71.
19.
15.
12.
14.

33

10
84

S0
70
20
8u
70
8]

370

68.
82.
71.

54

20
su
471

NH4 [ DI NO  DRPO
0.890 120 1. 090
0.330 14.40 0.680
9.160 82.70 5.410
14. 700 90.90 4. 620
12.080 70.70 4.080
4.430 26.50 1.880
0.890 16.50 1. 250
0. 90 13. 40 0. 990
0.770 11.30 0.840
2.030 8.80 1.220
2. 80 18. 90 1. 360
2.190 21.50 1.60
5.490 26.20 1.620
6.2600 31.40 1.640
11. 630 48.30 2.050
6. 150 107.505. 030
6.850 1430 7.520
4.630 49.60 2.270
11. 2900 95.40 4.980
9. 40 1630 8. 460
2. 50 97. 60 4. 450
5.8200 100. 605. 260
23.20 94.70 4.720
3.620 23.30 1.540
10 16. 200 1.190
0.660 13.40 0.970
0.450 15.10 1.080
2.650 36.40 1.690
4.040 410 1.150
11. 290 79.50 3. 440
10. 310 92.80 6.170
15.50 86.90 7. 60

Di Si 0

3080
3390

2430
2730
2050
2710
3520
3210
3270
2210
2000
2060
1940
1880
1610
2030
2560
1880
2220
2270
142[]
12801

2640
2550
3080
3090
3040
1860
1590
1880
2900
1740



Tabl eX3cont i nued. OO0

O

Stati onld DO Dat el NC2O N+NO NHA [ DI NO DRPO
[

ToelDr ai n(at O - 50 TD5) O

TD50 17-Jan- 000 1.210 3630 7.830 370.8029. 20
TD50 26-Jan-000 2.280 77.10 160 93.10 4.170
TD50 16- Feb- 000 0.260 19.30 2.110 21.40 1.130
TD50 28-Feb-000 0.120 11.50 0.450 120  0.860
TD50 7-Mar-000 0.160 15.50 0.790 16.30 1.030
TD50 17- Mar- 000 0.460 21.20 1.530 22.70 1.630
TD50 23-Mar-000 1.050 45.10 4.70 49. 80 1.940
TD50 28- Mar-000 1.10 46. 60 3.390 500 1. 050
TD50 3-Apr-000 1.50 79.20 3.510 82.70 2.780
TD50 17- Apr-000 2.260 2680 2.310 2700 5.990
TD50 21- May- 000 1.760 2240 2.160 2260 9.590
W

Ri dge[dCut (OCanal [CMést [0Si deCat [Road 116 RCWL6) O

RCWL60 17-Jan- 000 3.370 85.90 5.150 91.10 1.40
RCWL6] 26-Jan-000 2.570 81.70 14.50 96.20 4.310
RCWL6T] 16- Feb- 000 1.950 55.30 11.830 67.10 3.750
RCOWL60 7-Mar-000 1.240 45.40 4.570 500 2. 880
W

Ri dgelCut [Canal [East [ISi de[Cat JRoadJ16( RCE16) [

RCE160] 26-Jan-000 2.590 81.20 14.10 95.30 3.910
RCE160 16- Feb- 000 2. 030 56.90 11.760 68.70 3.550
RCE160 20- Feb-000 1.370 34.10 7.980 42.10 2.770
RCE160] 28-Feb- 000 1.520 44.70 6.30 510 3.590
RCE160] 7-Mar-000 1.190 46.70 4.70 51.40 2. 760
RCE- 160 17-Mar-000 1.230 43.60 5.460 490 2.90
RCE- 160 23-Mar-000 1.350 50.40 6.910 57.30 2.180
RCE- 160 28-Mar-000 1.660 58.90 7.730 66.70 2.020
RCE- 160 3-Apr-000 2.270 65.50 14.270 79.80 2.930
RCE- 160 17- Apr-000 4.410 94.50 8.950 103.502. 370
O

Col usalBasi n[Dr ai nCat [Road[O9EL( CBDI9E) [

CBD99E[D 20- Feb-000 1.330 32.40 8.140 40.60 2.580
CBD99ED 28- Feb-000 1.5200 40.60 6.520 47.10 3.520
CBD99E[ 21-Mvay- 000 1.180 21.80 6.070 27.90 2.280

55

D SO

2700
2760
2870
3420
3370
2930
19201
14407
1710
2020
2180

3230
2750
2120
2270

2770
2150
2740
2550
2250
22401
2100
1660
1760
2450

2730
2540
2090



Tabl eX3cont i nued. OO0

O

Stati onld DO Dat el NC2O N+NO
[

CachellCr eekat [Road[11130J( CC113) [
CC1130 17-Jan- 000 1.520 3090
CC1130 26-Jan- 000 0.810 79.80
CC1130 16- Feb- 000 0. 280 28.40
CC1130 28- Feb-000 0.160 12.70
CC1130 7-Mar-000 0.180 14.30
CC1130 17- Mar-000 0.150 30.30
CC1130 23-Mar-000 0.190 58. 40
CC1130 28- Mar - 000 0.220 62.20
CC1130 3-Apr-000 1.310 3350
CC1130 17- Apr-000 0.810 1190
CC1130 21- May- 000 2. 60 3750
W

W | | owdS| oughOat CRoad1102( W5102) [
W5102[] 26-Jan- 000 6. 060 3800
W51020 16- Feb- 000 1.560 960
W5102[1 28- Feb- 000 1.180 103.70
W5102[] 7-Mar-000 1.460 126.30
W51020 17- Mar-000 0.270 52.80
W5102[] 23- Mar- 000 3.280 3040
W5102[] 28- Mar - 000 10. 860 4580
W51020 3-Apr-000 1.040 74.10
W5102[] 17- Apr-000 5.720 1090
W5102[] 21-May- 000 5.150 2110
O

Put ah[ICr eek[at A dDavi s[ORoad[( PCD) [1
PCDO 17-Jan- 000 1.020 1830
PCDL 26-Jan- 000 1.050 1330
PCDO 16- Feb- 000 0. 770 840
PCDO 28- Feb- 000 0. 2200 51.30
PCD¥r erund 28- Feb-000 0.220 510
PCDO 7-Mar-000 0.30 18. 60
PCDlr erund 7-Mar-000 0.30 18. 40
PCDL 17-Mar-000 0.060 14.30
PCDU 23-Mar-000 0.290 12.20
PCDL 28- Mar- 000 0.080 14.80
PCDO 3-Apr-000 0.360 870
PCDU 17- Apr-000 1.180 2480
PCDL 21- May- 000 1.350 2010

56

NH4 [ DI NOJ  DRPO
0. 550 309. 6010. 050
4.860 84.70 0.130
2.70 31.10 0.660
0.710 13.40 0.590
0.710 150 0. 40
0.240 30.50 0.120
0.1200 58.60 0.080
0.220 62.40 0.080
1.890 3370 0.080
0.340 11900 0. 180
4.220 3790 0.130
11. 80 391. 8014. 940
7.650 103. 703. 580
3.950 107.603. 290
5.090 131.402.670
0. 160 530 0. 070
0.430 3040 0.080O
0. 40 4580 1. 290
2. 80 76.90 0.680
21. 630 130. 604. 60
2.750 2140 1.570
2.360 185.400. 760
7.2400 140. 201. 930
21.980 105.905. 970
2.50 53. 80 2. 950
2.320 53.30 2.920
2.40 2101 1. 660
2.460 20.90 1.630
0.340 14.60 1.210
0.380 12.60 1.010
0.180 150 0. 20
0.710 87.70 5. 240
3.130 2510 9.920
2.50 2040 50

D SO

1430
2400
2300
2160
2010
1500
1740
1270
1830
1630
1990

1700
2090
2190
2250
320

360

2650
1360
1740
1580

2510
2540
24401
2680
2660
2730
2720
2700
2450
2500
2680
2950
3030



Tabl eX3cont i nued. OO0

DI N

DRPLI

80
90
ot
70
471
70
70
20
70
471
10
8u
471
su
4]
st
70

411
90
411
20
10
10

1.270
1.150
1.160
1. 460
20

. 960
110
. 920
.20
170
. 830
. 060
.20
. 930
. 820
[

. 420

NPFPOOMNMNMRPFPOWRFROPRPEFR

. 460
. 320
. 920
. 890
. 810
. 910

D SO

2810
2680
2700
2790
2690
2680
2740
2720
2670
2200
3020
2830
2460
3080
3290
3160
2560

1940
2040
2080
2360
2280
2120

O

Stati onld DO Dat el NC2O N+NO NHA [

[

Boat USanpl esf r onilyol o[Bypass: [BandAC=[East [0Si de; [IBand[ID=[
West [0Si de[d

BANDUAL 17- Feb-000 0.280 15.20 2.560 17.
BANDCBL 17- Feb-000 0.220 15.80 3.120 18.
BANDCB[ 17- Feb- 000 0.210 15.30 2.640 17.
BANDLICL 17- Feb-000 0. 250 15.60 3.10 18.
BANDCDC] 17- Feb-000 0.550 24.80 4.60 29.
BANDLDL 17- Feb- 000 0.550 25.10 4.550 29.
BANDUAL 18- Feb-000 0.230 13.20 2.490 15.
BANDCBL[ 18- Feb- 000 0. 150 11.50 0.720 12.
BANDLICL 18- Feb- 000 0. 20 11.70 1.050 12.
BANDUIDU 18- Feb-000 1.590 39.70 5.750 45.
BANDCB[ 19- Feb- 000 0. 120 11.60 1.570 13.
BANDLICL 19- Feb- 000 0. 170 10.60 2.160 12.
BANDCDC 19- Feb-000 0.980 27.40 5.990 33.
BANDCAC 20- Feb- 000 0. 150 12.20 1.270 13.
BANDIBLI 20- Feb- 000 0.110 10.40 0.970 11,
BANDUICT 20- Feb- 000 0.160 9. 30 1.260 10.
BANDCDL 20- Feb- 000 1. 150 270 5.710 32.
O

Boat USanpl esf r onmiISout her n0Cut | et Uof (Yol o[BypassU
PS- 10 23-Mar-000 0.350 17.70 1.680 19.
PS- 200 23-Mar-000 0.310 15.10 1.720 16.
PS- 30 23-Mar-000 0.350 17.60 1.760 19.
PS- 10 11- Apr-000 0. 80 300 6.230 36.
PS- 200 11- Apr-000 0.750 27.60 6.490 34.
LH 10 11- Apr-000 1.160 50.90 4.180 55.
YB- 10 11- Apr-000 0.580 18.80 9.290 28.

57
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. 420

2420



Tabl e[. (D ssol vedOor gani clcar bon( DOCOng/ L) , Ospeci fi cO

ul t ravi ol et Oabsor bancelof [0t heDOCLY SUVA) , [Isuspended
particul atematter [ SPMIhg/ L), Oparticul atelmatter
(SPM, Oparti cul at eldcar bonJ PClng/ L) COandCpar ti cul at ed
ni trogen( PNOng/ L) . O

O

O

Sitel Dat e[ DOCO SUVAD SPM PCO PNO

O

Frenont Wi r O( FRW O

FRW] 3/ 7/ 20000 2.90 0. 0790 1450 [ 0
FRW] 3/ 17/ 20000 1.30 [ 680 0. 820 0. 090
O

Lower [Bypass[ STTD) [

STTDO 1/ 26/ 20000 6. 80 0. 0260 2350 5. 150 0. 720
STTDO 1/ 28/ 20000 7.90 0. 030 1230 4. 950 0. 690
STTDO 2/ 14/ 20000 7.10 0. 0330 1670 3. 640 0. 590
STTDO 2/ 16/ 20000 4. 40 0. 1040 1730 2. 550 0. 360
STTDO 2/ 28/ 20000 2. 60 0. 0720 550 1. 080 0.110J
STTDO 3/ 6/ 20000 1.80 0. 0610 360 O O
STTDO 3/ 20/ 20000 4. 40 0. 0260 4890 9. 580 1.370
STTDO 3/ 22/ 20000 4. 70 0. 0270 1140 1.940 0. 3200
STTDO 3/ 23/ 20000 4. 80 0. 0260 1470 2.810 0.470
STTDO 3/ 24/ 20000 4. 60 0. 0260 1240 3.120 0. 550
STTDO 3/ 31/ 20000 3.90 0. 0250 49(] 1. 230 0.170
STTDO 4/ 10/ 20000 50 0. 0250 360 1. 60 0. 320
STTDO 4/ 17/ 20000 3. 90 0. 0260 630 2. 30 0. 460
STTDO 4/ 24/ 20000 4.10 0. 0290 760 1.70 0. 290
STTDO 5/ 1/ 20000 4.50 0. 0270 680 1. 550 0. 290
STTDO 5/ 8/ 20000 3. 90 0. 0260 650 1. 450 0. 280
STTDO 5/ 15/ 20000 5. 20 0. 0240 680 2.70 0. 580
STTDO 5/ 22/ 20000 5. 10 0. 0260 830 2.670 0. 580
O

Toe[Dr ai nCat [ - 800 TD8O) [

TD80OU 1/ 26/ 20000 6. 90 0. 0270 2320 4.220 0. 5500
TD30O 2/ 16/ 20000 4. 70 0. 060 620 1. 240 0.170
TD80OU 2/ 28/ 20000 2. 80 0. 0640 42[] 1.080 0.10
TD80OU 3/ 7/ 20000 20 0. 0570 260 [ 0
TD80OU 3/ 17/ 20000 2. 40 0. 0340 560 0. 890 0. 140
TD80U 3/ 23/ 20000 4.90 0. 0250 920 1. 80 0. 2801
TD80OU 3/ 28/ 20000 4.10 0. 0240 770 1.790 0. 340
TD30U 4/ 3/ 20000 5. 10 0. 0260 1030 2.20 0. 370
TD80OU 4/ 17/ 20000 3. 90 0. 0260 1390 2.790 0. 50
TD30O 5/ 21/ 20000 5.90 0. 0250 1160 3. 840 0.710

58



Tabl e cont i nued. OO0
[l

Sited Dat e[l DOC
O

Toe[Dr ai nCat 0 - 50 TD5) O
TD50 1/ 26/ 20000 7. 80
TD50 2/16/20000  3.80
TD50 2/28/20000 20
TD50 3/ 7/ 20000 20
TD50 3/17/20000  3.50
TD50 3/23/20000  5.40
TD50 3/28/20000  4.50
TD50 4/ 3/ 20000 5. 80
TD50 4/ 17/20000  2.20
TD50 5/21/20000 4. 40
O

SUVAL

oleolololololNeNoloeNo

. 0310
. 0750
. 0590
. 0610
. 0320
. 0260
. 0240
. 0260
. 0240
. 0230

Ri dgelICut (OCanal [at [r oad[116( RCE16) [

RCE160] 1/ 26/ 20000 8. 30U
RCE160 2/ 16/ 20000 8. 30
RCE160] 2/ 28/ 20000 7.90
RCE160 3/ 7/ 20000 8. 10
RCE160 3/ 17/ 20000 7. 40
RCE160] 3/ 23/ 20000 5. 90
RCE160 3/ 28/ 20000 5. 30
RCE160 4/ 3/ 20000 6. 50
RCE160] 4/ 17/ 20000 4. 20
O

Col usal[Basi n[Dr ai nCat Or oad[99E( CBD99E) [
0
0

CBDO9EL  2/28/20000 7.90
CBDO9E]  5/21/20000 6. 10
H

COO0OO0OO0OO0OC0O0O0OO0O

CachellCr eekat [road[11130J( CC113) [

CC1130 1/ 26/ 20000 50

CC113U 2/ 16/ 20000 4. 10
CC1130 2/ 28/ 20000 3. 50
CC113U 3/ 7/ 20000 2. 80
CC1130 3/ 17/ 20000 2. 30
CC1130 3/ 23/ 20000 20

CC113U 3/ 28/ 20000 2. 30
CC1130 4/ 3/ 20000 1. 30
CC1130 4/ 17/ 20000 1.70

CC113U 5/ 21/ 20000 1. 80

oleolololololNoNoleNo

59

. 0290
. 0710
. 0410
. 0440
. 0270
. 0260
. 0250
. 0260
. 0240

0510
0240

. 0310
. 0490
. 050
. 040
. 020
. 020
. 020
. 0230
. 0230
. 020

SPM]

3630
1070
490
600
1310
780
680
9401
800
460

1350
880
780
1030
870
990
1020
1100
54[]

790
670

1510
2710
4010
3820
870
380
150
250
320
280

PCU

NRPNRRNORPFP®

[N RPNONNNNOPR OW

COO0O0OR[]WWW

. 970
. 970
. 140

. 270
. 560
. 990
. 480
. 610
. 510

. 040
.10
. 480

.10
. 040
. 050
.10
. 950

. 410
. 960

. 310
. 040
. 990

. 350
. 590
. 920
. 490
. 730
. g

PNO

o o

cooooopooo

coooomooo

coocooopooo

590
290
140

330
260
3401

.ol
. 280
. 520

42[]
460
190

290
34
4]

. 340
. 420

170
. 360

48]
390
44[]

1401
o700
10

. 080
. 120
. 120



Tabl e cont i nued. OO0

SPM]

18601
1870
1930
960]
22[]
390
830
1930
5201

1350
1050
570
180
150
100
170
210
150

470
1020
7401
730

780
1040
82[]

570
580
720

470
370
330

PCO

w

RPNRDMOR[OR

coocococor R

OoonQ

()]
(0]
|

. 690

. 670
. 960
.30

. 450
. 790
. 320

. 910
. 840

. 460
. 420
. 250
. 390
. 840
470

. 740
. 540

590

PNO

o
a1
=
(I

210

280
160
780
. 270
. 460
. 250

coocooomos

260
210

o070
050
040
. 060
. 150
o700

cooocoopoo

. 140

0
U
0
0. 180

OO0

0. 10
0. 070
0. 0601

D

Sitel Dat e[] DOCO SUVAT
[

W | | owISI oughlat [r oad[J102 W5102) O
W51020 2/ 16/ 20000 7.80 0. 0710
W51020 2/ 28/ 20000 8.90 0. 0530
W51020 3/ 7/ 20000 7.60 0. 0480
W51020 3/ 17/ 20000 2. 30 0. 040
W51020 3/ 23/ 20000 2. 30 0. 0230
W51020] 3/ 28/ 20000 1.90 0. 0230
W51020 4/ 3/ 20000 30 0. 0230
W51020 4/ 17/ 20000 3.80 0. 0340
W51020 5/ 21/ 20000 4.10 0. 0240
[

Put ah[OCr eekJat (A d[0Davi sORoad ) PCD)
PCDO 2/ 16/ 20000 6. 40 0. 0580
PCDU 2/ 28/ 20000 4.10 0. 0370
PCDO 3/ 7/ 20000 30 0. 0320
PCDO 3/ 17/ 20000 2. 40 0. 0210
PCDO 3/ 23/ 20000 2.50 0. 020
PCDO 3/ 28/ 20000 2.50 0. 020
PCDU 4/ 3/ 20000 2.70 0. 020
PCDO 4/ 17/ 20000 2.80 0. 0230
PCDO 5/ 21/ 20000 2. 40 0. 0210
[

Boat USanpl esf r onilyol o[Bypass: [BandJAC=[East [0Si de; [IBand[ID=[]
West [ISi deld

BANDLUIALI 2/ 17/ 20000 l U
BANDCBL 2/ 17/ 20000 O O
BANDCICLD 2/ 17/ 20000 3. 90 0.070
BANDLIDL] 2/ 17/ 20000 4. 80 0. 0840
O

BANDCALl 2/ 18/ 20000 O O
BANDLIBLI 2/ 18/ 20000 U U
BANDCICL] 2/ 18/ 20000 O O

D

BANDLIBLI 2/ 19/ 20000 U U
BANDCICL] 2/ 19/ 20000 O [
BANDLIDL] 2/ 19/ 20000 U U

D

BANDCALl 2/ 20/ 20000 2.50 0. 0760
BANDCBL 2/ 20/ 20000 2.20 0. 0640
BANDCICL] 2/ 20/ 20000 2. 60 0. 0720
BANDLDL] 2/ 20/ 20000 70 0. 0510
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Tabl e[#[cont i nued. (]

O

Sitel Dat e[] DOC SUVAT SPM] PCO PN

[

Boat USanpl es(f r oniist at i onsUnear [0t heOsout her nOout | et Dof [t heOYol o
Bypassl

PSC=0Pr ospect 0SI ough; OLHO=Li tt | eHol | andOTr act ; OYBC=[Yol ol

Bypass[]

PSSO 3/ 23/ 20000 U 0 1300 il 0
PS[21] 3/ 23/ 20000 0 O 980 O 0
PS[3L] 3/ 23/ 20000 U 0 770 0 U
0

PSSO 4/ 11/ 20000 0 0 790 0 0
PS[20] 4/ 11/ 20000 U 0 84[] 0 U
LHILO 4/ 11/ 20000 U Il 9801 W |
YBLUL1L 4/ 11/ 20000 U 0 400 0 U
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Tabl e[5. OJAnal yti cal Cresul t sCf or Osel ect edOret al sCby Ol CP- OES[|( seell
text). OConcentrationst nlng/ L. O

O

[

S| TEC&LODATEL

nont h/ day[ BO Ball Cad KO MO NalO SO SrQO

D

Frenont OWei r O( FRW O

FRWB/ 700 0.040 0.020 100 1.3050 60 9.40 0.060

FRWB/ 170 0.040 0.020 130 1.20 60 70 10. 600. 0901

D

Lower [(Bypass[{ STTD) [

STTD/ 260 0.530 0.090 390 3.90 340 950 8.10 0.510
STTDU1/ 280 0.460 0.080 350 50 300 830 8.50 0.460
STTD/ 310 0.370 0.080 360 4.80 330 940 9.20 0.480
STTDR/ 20 0.430 0.090 380 4.10 330 840 8.90 0.50

STTD2/ 30 0.6200 0.090 370 3.90 320 850 8.30 0.490
STTDR/ 70 0.580 0.090 390 40 340 860 9.10 0.50

STTDLR2/ 90 0.660 0.10 410 40 360 930 8.90 0. 530
STTDR/ 110 0.610 0.10 400 40 360 910 8.80 0.520
STTDR2/ 140 0.430 0.070 280 3.50 210 580 6.40 0.340
STTDR2/ 160 0.110 0.030 1300 2.10 90 130 8.50 0.120
STTDR/ 250 0.0700 0.0200 1300 1.50 70 100 10.800.10

STTDR/ 280 0.050 0.020 1200 1.40 60 80 9.80 0.090
STTDLB/ 60 0.040 0.020 1200 1.30 60 80O 10.200.090
STTDB/ 200 0.420 0.060 280 2.40 200 340 70 0.30

STTDB/ 220 0. 50 0.070 320 2.50 290 460 6.50 0.350
STTDB/ 230 0. 50 0.080 330 2.50 310 500 6.300.370
STTDB/ 240 0.510 0.080 330 2.60 310 490 6.10 0.360
STTDU3/ 270 0. 60 0.080 330 2.60 330 490 60 0.370
STTDB/ 310 0.680 0.090 340 2.50 350 560 4.80 0.410
STTD4/ 100 0. 60 0. 110 430 3.10 400 860 6.20 0.540
STTDU4/ 170 1.460 0.130 470 3.50 490 8v0 7.70 0.550
STTD4/ 240 0. 60 0.070 280 2.50 230 400 5.80 0.330
STTDIS/ 10 0.850 0.10 350 2.90 330 620 6.80 0.420
STTDU5/ 801 1.220 0.110 400 3.50 400 710 6.80 0.490
STTDLG/ 150 1.090 0.090 320 3.30 330 530 4.20 0.380
STTDLB/ 220 1.170 0.090 340 3.40 340 560 4.10 0.40
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Tabl e(5cont i nued. OO0

O

S| TEL&ODATEL

nont h/ day[ BO Ball Call KO MO NaO
O

Toe[Dr ai n(at 0 - 80 TD8O) U

TD80[1/ 260 0.480 0.080 390 40 300 980
TD80[2/ 160 0.030 0.020 110 2.3080 120
TD80[R2/ 280 0.030 0.020 120 1.5070 100
TD80O3/ 70 0.030 0.020 110 1.70 80 110
TD80[3/ 170 0.110 0.030 170 1.90 130 180
TD80[B/ 230 0.630 0.090 380 3.10 350 900
TD80[3/ 280 0.930 0.090 380 30 390 760
TD80[H4/ 30 0. 80 0.10 4400 3.50 430 1140
TD80[HM/ 170 1.470 0.090 410 3.30 520 980
TD80[5/ 210 1.060 0.090 340 3.70 320 690
O

ToelDr ai n(at O - 5[} TD5) O

TD511/ 260 0.230 0.080 380 4.70 310 1080
TD5[2/ 160 -0.010 0.020 90 1.600 60 9O
TD5[12/ 280 -0.010 0.020 110 1.5070 80O
TD5[3/ 70 -0.010 0.020 120 1.5070 100
TD5B/ 170 0.080 0.040 220 1.90 150 200
TD513/ 230 0.440 0.080 400 2.70 310 800
TD513/ 280 0.720 0.090 400 3.10 390 900
TD54/ 300 0.540 0.10 450 2.90 360 1060
TD5[4/ 170 1.80 0.140 490 3.90 490 810
TD5(5/ 210 1.160 0.110 410 40 340 790
O

Ri dgelICut [OCanal [(Mest [ISi de(Jat [JRoad 116 RCWL6) [1
RCW11/ 260 0. 20 0.080 360 5.10 300 1050
RCW12/ 160 0.110 0.060 220 40 150 440
RCWI3/ 70 0.120 0.060 290 3.20 210 680
O

Ri dgelCut (OCanal [East [ISi de[Cat DRoad16( RCE16)
RCE16[11/ 260 0.180 0.080 320 50 270 1000
RCE16[12/ 160 0.10 0. 050 220 40 150 460
RCE16[12/ 200 0.120 0.070 290 3.90 220 650
RCE16[2/ 280 0.140 0.070 310 40 240 750
RCE1603/ 70 0.130 0.060 290 30 220 680
RCE16[13/ 170 0.280 0.090 440 3.60 340 1060
RCE16[13/ 230 0.250 0.080 410 30 330 1050
RCE16013/ 280 0.330 0.10 480 3.30 410 1330
RCE1604/ 30 0.280 0.090 400 2.90 300 1060
RCE16[4/ 170 1.10 0.110 550 3.60 440 840
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. 540
. 090
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. 090
. 160
. 480
. 480
. 540
. 480
. 410

. 520
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.50
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. 550
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Tabl e[5cont i nued. ]

O

S| TEC&DATELD

nont h/ day[ BO Ball Call KO MO
O

Col usalBasi n[Dr ai nCat [Road[99EL( CBD99E) [
CBDO9E[R/ 2000 0. 20 0.070 300 40 220
CBDO9E[2/ 2800 0. 20 0.080 320 3.60 220
CBD99E[K/ 210 0.210 0.070 260 2.10 180
O

CachellCr eekat [Road[11130J( CC113) [

CC11301/ 260 1.860 0.1100 320 3.60 420
CC113[R/ 160 0.650 0.060 210 1.90 220
CC113[2/ 280 0.440 0.040 190 1.e0 220
CC11303/ 70 0.560 0.050 210 1.e0 220
CC11308/ 170 0.890 0.070 260 20 250
CC113[13/ 230 1.130 0.090 330 2.40 330
CC113[3/ 280 1.260 0. 10 3400 2.60 350
CC11304/ 30 1.830 0.150 510 30 460
CC11304/ 170 1.080 0. 10 3200 2.20 300
CC113[5/ 210 1.890 0.1e0 530 3.10 430
O

W | | owdS| oughOat CRoad1102( W5102) [

W5102[11/ 260 0.990 0. 10 290 6. 40 240
W5102[2/ 160 0.680 0.070 180 4.50 140
W5102[2/ 280 0.690 0.080 260 3.80 180
W5102[13/ 700 0.680 0.080 270 3.40 180
W5102[13/ 170 1. 750 0.1e00 570 3.10 440
W5102[13/ 230 2.090 0.120 420 2.60 490
W5102[13/ 280 20 0.130 370 20 86U
W510204/ 30 1.410 0.110 400 2.90 390
W510204/ 170 0.880 0.080 270 30 240
W510205/ 210 1.150 0. 10 3200 3.30 320

O
Put ahUCr eekCat 0O dDavi sORoad [ PCD) U

PCD12/ 160 0.180 0.050 2000 30 190
PCD[R2/ 280 0.210 0.060 270 2.50 240
PCDLB/ 70 0.130 0.050 210 1.80 260
PCD3/ 170 0.1100 0.050 190 1.e0 30U
PCDL3/ 230 0.120 0.050 190 1.70 280
PCDL3/ 280 0.110 0.050 200 1.50 310
PCD4/ 30 0.1900 0.060 220 2.20 350U
PCD4/ 170 0.350 0.090 300 3.30 420
PCDI5/ 210 0.380 0.10 3200 1.90 440
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700
690
580

680
180
160
16U
180
370
400
560
360
540

430
170
350
330
850
950
1300
5201
230
390

180
190
140
140
130
130
270
380
3201

8. 40
7.80
6. 30

7.70
7.10
70

60

4. 80
5. 60
4. 10
5. 80
5. 20
60

6. 40
8. 10
6. 70
6. 90
60

10

8. 60

.10
.50
.90
g
.40

© 00 00 00 0O 0O 0o

OO

9. 40
9. 40

oNoNel

oNololoNoNoNoNoNoNe eNololololoNoNoNoNe

cNoloNoNoNoNoNoNe)

.40
410
. 330

. 450
. 270
. 240
. 260
. 310
. 410
. 410
. 550
. 380
. 560

. 340
.20
. 290
. 290
. 620
. 580
.60
. 460
. 320
.40

. 220
. 270
. 190
. 180
170
. 190
. 240
. 390
. 430



Tabl e[bcont i nued. ]

O

S| TEC&DATELD

nont h/ day[ BO Ball Call KO MO NaO SO SrQd

O

Boat 0Sanpl esIf r onilYol o[Bypass: I BandUACE[East [OSi de; IBand[DC=[
West [ISi deld

BANDDI2/ 170 0.1200 0.030 130 2.30 90 130 8.20 0. 140
BANDC2/ 170 0.060 0.020 900 1.5050 70 8.60 0.070
BANDB[2/ 17 0.040 0.020 90O 1.40 50 60 8.20 0. 070
BANDA[R2/ 170 0.040 0.020 100 1.e60 60 70 90l 0. 080
BANDB[2/ 180 0.040 0.020 100 1.4050 e6d 8.20 0.070
BANDC[2/ 18[] 0.040 0.020 90O 1.40 50 60 8.10 0. 070
BANDDI2/ 1801 0.160 0.060 200 3.50 130 340 8.80 0.220
BANDB[2/ 190 0.040 0.020 110 1.4060 70  9.60 0.090
BANDC[2/ 19 0.040 0.020 110 1.40 60O 60 8. 80 0. 0901
BANDDI2/ 190 0.120 0.040 170 2.80 110 160 7.50 0.180
BANDA[2/ 200 0.050 0.020 120 1.5060 80 9.60 0.10
BANDB[2/ 200 0.050 0.020 120 1.40 60 70 10. 100. 0901
BANDC2/ 200 0.060 0.020 120 1.5060 80 9.60 0.090
BANDDI2/ 200 0.130 0.060 210 3.50 140 320 8.10 0. 240
(l

Boat OSanpl esf r onmidSout her nOCut | et Dof (Yol oCBypass[

PS113/ 230 0. 50 0.070 330 2.60 300 470 6.30 0.360
PS2[13/ 230 0. 50 0.070 320 2.60 280 470 6.40 0. 340
PS3[3/ 230 0.520 0.070 320 2.70 290 510 6.60 0.350
PS14/ 110 0.2200 0.040 210 1.80 150 200 7.30 0.20
PS2(4/ 110 0.210 0.040 190 1.90 160 1900 7.80 0.180
LH1O4/ 110 0.4200 0.060 280 2.80 260 530 7.10 0.320
YB14/ 110 0.110 0.030 150 1.40 100 2120 7.60 0.120
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